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To' the ItrusTtRIOUS 
Y 


The Royal Society. 


- HE Deſign of the enſuing Treatiſe bemg the Promotion 
of a Part of Phyſico-Mathematical Knowledge-in the 
E.:wliſh Nation ; I know not to whom I can more pro- 
perly preſent it, than to that noble Body of Engliſh - 
| Philoſophers, | whoſe Foundation by the Royal Charter of | Kin 
Charles Il. is to this very purpoſe. Flow far, and how ſuccefs- 
fully you have hitherto proſecuted the end: of this excellent Inſtituti- 
on, 'tis needleſs for me to declare : ſmce the literate- World is alrea- 
dy fo abundantly ſtored with your learned Labours, - and -uſeful Di- 
coveries; whereof I could bere recount a Liſt of many Hundreds 
publiſhed. by ſeveral Members of -the Society. But 1 deſign not "4 
Panezyrick, but an: bumble Addreſs for your . Favour and Counte- 
nance to my preſent Endeavours : And this 1 hope for, with the 
more Aſſurance, having already; ſeen your favourable Acceptance 
of many Offerings of this kind, . and your ready Incouragement of 
all ſuch Philoſophical Inquiries, . as tend to the uſe of Life, or Ad- 
vancement of Arts and Sciences. { 

And on this Occaſion 1 cannot omit expreſſing my Sence of that 
excellent Method of Experimental Philoſophy, which now , by your 
Example and Incouragement, does ſo univerſally prevail, - and is ſo- 
highly advanced all. over Europe , and other Parts of the World. . 

"Tis wonderful to conſider, how the: Schools : were formerly over-' 
run with a {enfiefs kind of Jargon, which they calf d Philolophy ;: . 
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-and which men ſtudied with the greateſt Labour and Aſiduity,. that 


they might attain the name of Wile and Learned. This certainly 
was the greateſt Cheat was ever impoſed on the mind of Man : 
But why. ſay I, impoled 2 Men drew it on themſelves, and run 
their own Heads into the Nooſe : and whey they had intangled them- 
ſelves in a thouſand ridiculous Diſputes about empty Queſtions, they 
wvainly thought they had attained the Perfeftion of Philoſophers ; 
whilſt they had no Ideas in their Minds anſwerable to thoſe Noiſes 
they made with their Tongues; but took more pains to decerve both 
themſelves and others, than is requiſite for the Propagation of true 
Knowledge. And indeed we may well imagine, that, had the former 
Ages of the World been at balf that Labour and Study for the Ad- 
vancement of real Knowledg, which they ſpent in jromoting ver- 
boſe Stuff ; Mankind by this time might have been by many De- 
rees more wile, and conſequently more happy even in this Life ; 
or Wildom only makes men ſo. 

But m this laſt Age the generous Undertakings of the Philoſo- 
phick Societies of Europe ( to whom your Inititution has ſhewn the 
way, and been an illuftrious Example ) have diſſipated theſe dark 
Miſts, and have abdicated this kind of empty Stuff ; which had 


- crept into even Natural Diſquiſitions ; and like a Leprofie had quite 


over-run the whole Body of Philoſophy, "deforming its Beauty, and 
ruining its Strength. Men are not ſatisfied now with noiſy Words, 
and nothing elſe ; but require more ſolid Foundations of Knowledge , 
and believe no farther than they can find good Proofs. | 
This great Change, which Philoſophy or the Proſecution of Know- 
ledg in general has received of late years, is manifeſt in all its Parts ; 
but in none more than im natural Enquiries. - To theſe you have 


given a clearly new Turn, wholly different from the Methods, by 
' which" they were formerly proſecuted in the Schools. And -how 


advantageouſly the Change has been made, © will be evident to any 
that conſiders the one and tother Method, 


0 l The 
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To the Royar Socnrtry: 


The Commentators on Ariſtotle, ( who was certainly himſelf a moi 
diligent «ad profound Inveſtigator of Nature) have rendred Phyſicks «,,, 


an beap of froathy Diſputes, managing the whole Knowledge of Body x por 


and Motion, of Animals, Plants, and Minerals ; of Celeſtial, Aerial and =, 7avar- 
. Terreſtrial Bodies ; by Hypothetical Conjeftures, confirm'd by plau dus, Col. 


of > 
= 
IC 


ſible Arguments of Wit and Rhetorick, ordered in a Syllogiſtical form 


and anſwering Objeftions m like manner : But never ſtudied to prove the com- 
their Opinions by Experiments. By which Method they were as igno- meiivic 
rant of the Properties and AfﬀeFtions of Natural Bodies, as if they _ 
were not at all the Subjeft of their Diſquiſitions. And yet theſe inewCob 


were the great Dittators of Phyſicks for many Ages in our Colleges 
and Scholes ; and no one was accounted worthy the Name of a Phi- 
loſopher, that would not on their Authority Jurare in verba. He 
that could Diſpute and diſtinguiſh, about Sympathy, Antipathy, oc- 
cult Qualities, Antiperiſteſis, and a Thouſand ſuch other fantaſtick 
Terms, was reputed a great Proficient, and deeply vers d in Natures 
Secrets : tho all the while perhaps he knew not any one of the admi- 
rable Phenomena of the Magnet, or was not at all verſed in the 
Hiſtory of any one Branch in Nature. They'd rumble out indeed. 
the Definition and Diviſwns of Comets ; but knew nothing of the 
Laws of their Motions; or other Afﬀfettims. They'd tell you the 
Tides depend on the Influence of the Moon ; and when you proceed 
farther, and ask, what is this Influence ? They'll yet give you a Word 
for it, and ſay, 'tis an occale Quality : If you aiguire, what an 0c- 
cult Quality is ? They'r at a Stand, and haviig no farther hard 
Word here to fly to, are forced to confeſs 'tis a Quality they know 
nothing of. Had they not better at firſt have plainly confeſt, they 
know not the Cauſe of the Tides? no ſurely; For tho this bad been 
more becoming modeſt Philoſphers, it would not ſo well captivate the 
Vulgar, and gain to themſelves the .Repute of deep Knowledge. © 
Tet this verboſe Philoſophy is that, which for many Generations 
prevail'd in the World : This it is, which is injomn'd to be read and 
ſtudied in our Colleges and Academies, by the Statutes and Charters 
thereof 


| 
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thereof :- which in this Particular, to the apparent Hindrance of the 
Adwaiicement of real and uſeful Knowledge, do yet remain unaltered 
in our Univerſities: wherein the firſt years of young Students may be 
imploy'd with much more Advantage by. proſecuting other Methods. 
And, My thinks, it were now full time ( after k happy a Refor- 
mation of our Errors in Religion, and purging our Seminaries of 
Learning from the Fopperies and Superſtition — falſe Worſhip ) to 
begin a Reformation Th Human Literature, by eftabliſhng more 
uſeful Methods of Education, eſpecially for the Employment of our 
more tender years. | 
But tho this weighty Undertaking has hitherto been deferrd mn 
them ( the Reaſon whereof T leave to the. Conſideration of the learn- 


ed and reverend Heads of our Univerſities ) yet the ſtrong Wits of 


many in this laſt Aze bave broken all theſe Fetters ; And have hap- 
pily. advanced the true Method of proſecuting Knowledge upon ſolid 
Foundations. | 

This is manifeſt im every Branch of Learning. Logick has put 
on a Countenance clearly different from what it appeared » wag*; 
How unlike is its ſhape mm the Ars Cogitandi, Recherches de la 
Verite, &c. from what it appears in Smigletius, and the Commen- 
tators on Ariſtotle 2 But to none do we owe for a. greater Advance- 
ment in this Part of Philoſophy, than to the incomparable Mr. Locke, 
Who, in his Eſſay concerning Humane Underſtanding, has re- 
flified more received Miſtakes, and delivered more profound Truths, 
eſtabliſhed on Experience and Obſervation, for the Direftion of Man's 
mind in the Proſecution .of Knowledge, ( which I think may be pro- 
perly term'd Logick) than are to be met with in all the Volumes 
of the Antients, He has clearly overthrown all thoſe Metaphyſical 
Whymſies, which infefted mens Brains with a Spice of Madneſs , 
whereby they teign'd a Knowledge where they had none, by 
making a, nojle wita, Sounds, without clear and diſtinct Sig- 
nifications; 


Natural 
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To the RoOvin Oak et 


Natural Philoſophy is now proſecuted by Obſervation, Experi- 
ment, and Hiſtory thereof. . And indeed if we conſider it rightly , 
there is really no other ſort of Natural Philoſophy, but this only. 
For by Natural Philolo Py. or Ph ylicks, do we mean any thing 
elſe, Tor the Knowledge of -Ehins and Affeftions of Natural 
Bodies > And is this to be obtain'd any otherwiſe, than by wr 
and Obſervation ? Se any Man Diſpute me mto the Knowledge of 
the Magnet's Attrathion, "Direftion and Variation ; or the he- 


nomena-of the Mercurial Baroſcope without Tigel and (2 
Can any Arguments prove' that 4 little Sulphur, Fs 9a": Charcole 
ſhould produce ſuch 4 quick and. ftrong Blaſt as Gunpowder , _ 
they be aftually put 


together and tryed ? ee have dif; 
to all Eternity, before their Gibberiſh could diſcover the Uſe _ 
ordinary deſpicable Subſtance, Iron-Ore 2 To which, for ought 1 ſee, | 
(.as 4 moſt ingenious Author has obſerv'd) we. are bebolding for-ll 
the Politure and Plenty ; all the Learning, State, and Magnificence 

of the World, beyond the Rudeneſs, Wants, and Ignorance of the an- 
cient ſavage Americans: Whoſe Natural Eadowments and Proviſi- 

ons equal thoſe of the Nay 4 ap 4 and polite Nations ; But, they 
wanted the Advantagious this contemptible Mineral. So that 
be, who firſt frevered: the by that one poor Mine ; or Tubal-. 
cain, that firſt taught the way of working in Iron, may be deſer- 
vedly celebrated as the Father of Arts, _ Author of moſt of the 
Conveniences of Human Life. 

I know ſome will ſay, that by Nacural Philoſophy is meant not 
only the Knowledge of the Properties. and | Uſes of Natural Bodies ; 
but alfo the Aſſigning the trat Reaſons or Cauſes of theſe Properties. 
But in this Particular we are to proceed with great Caution: 1 
know the Mind of man 1s 4,4 that mquiſinve, prong Nature ; that 

n any Appearance to the Senſes, it immediately falls to the . 
[are after the C auſe producing this Effet, But indeed in Natu-' 
ral Diſquifitions, 'tis generally ( 1 may fay almoſt alwayes) to no 
purpoſe. We may make plauſible Cmpthares and ſome ſort of fea- 
ſible Gueſſes ; but others _ may make others, and theſe alſo 


equally 
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_ that the Equip viſe of Tiqu 07's 18 Lp 3 auſe, of 
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equally probable. Bu theſe deſerve not ne of Natural Phi- 


loſophy ; they ferve only for Chat and" Diver ſion. For the One, 
rent Contriver of- the Univerſe has? Ws Natures Operations to 
be performed by ſuch fint 3, runes, ſecret Motions, and Mex; licable 
Ways ; (that Man in this Life may welf” de paly, 0 f attain 
mate Knowledge thereof ; and muſt” ther, n fr * bim wy; Ton þ the 
Contemplation of plain matter of Fatt,” m which he one be decei- 
ved. But yet, that we may not wholly ſuppreſs this inquiſftrve Hlu- 
mour, but may only keep it within juſt Bounds : 1t will be granted, 
That whitever immeliate Caliſe' can be aſſigned" to an  Effeet ; and it 
can- be\proved” [0 to be by ſome com incing Jha” ; wid theſe 
be of ten repeated, "and diligently eXamin'd, "and | found to agree, and 
conſpire together ; we may be allow'd to found _ an MYporhe 
ſis or Suppolal of this Caſe but nd more. fo th not poſurvel 
Ho it as the andoubted, adequate Cauſe; for t we may miſs 
after "our moſt wy port Me:  Hhwevir - Expe riments we uſe 
enje, 


and Pio gh to the eft; vs 1 Fo ty Foote op be 
allowed as unqueſtionable Verities ; be embraced as fo ma- 


"9 Steps of Ak Site in the fn, Nature. 
©But"of the Uncertamty of Avis ural Cadſes I ſhall give 
but one Inſtance, and that 'pe Ft IP) as any we ſhall meet 
with in Philoſophy. 'We ave pw, to think, "Hhk th Clef the Suſ- 
penſion of the, Mercury in the Totricelliin Experiment i is undoubted- 
ly the "Gravitation of the Air: And we prove it by a moſt convin- 
cmg Experiment ; for putting the Bareſcipe i into the, Pneumatick En- 
gine, exhauſt the Ar, and the Mercury iminiediately, ly [ubſides. But 
when we conſider it 's little farther, we alt "Fond, © at hereby we 
have obtain d little more certain Knowle dee, that plainly the matter 
of Fatt of this latter Experiment, and not eo adequate Cauſe of the 
firſt Experiment enquired after. For we 'Cqn elude from hence, 
"h, Mercury's Sa/pen- 


ſion But what 'is "the wy muipoiſe e iſe of Liquors, or the 


Cauſe of the* Gravitation 0 hy hot or any Bodies ? That is, 
What is the' Cauſe of Gravity m Sent! is clearly. wnknown to us; 
and 


—— 
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probably arte at” the Kiowle e bo one © Link. mk the 
of Naturdl Canſes'; bid'this is not concluſyoe'; Fu vas 
end wn : ' For ſo if one looking at 'a Perdue? Cl 
enquire, Why the Pendulum does not ceaſe by degrees from olbris-+ 
ting 2? And he. were anſwered, That it is kept m' motion by the next, 
immediate Wheel that beats'on the Pallats: And this were offer'd td. 
be proved by Experiment ; for ſtop the motion of this Wheel, and'the' 
Pendulum ſoon ceaſes :.' Would be not preſently be ſatisfied,” and $0 
away ſecure, that be had diſcovered the Cauſe of the' Continuatidn *O l 
the Pendulutn's Motion ? And yet certainly be has miſtaken one 
Link for the whole Chain. © For if be proceeded farther ; and had 
enquired, What moved this Wheel He would fn, the next airy 4 
and ſo onwards to the Weight or Spring, But bere, be's at £4 Lift 
for os moves them, is abfeluich en W 
As to moſt other Reaſons' i'r Natural Philoſophy, that aud paſs 
as ſatisfaFtoty, and are-recerved as Accounts of Nature's 
We ſhall generally. find: them little more, than farther Ileftrations of 
the 'Matter enquired after"in ſome different Word," Thus if t be 
asked, What is the Reaſon the Sun caſts a ſhadow from ſome Bodies, 
Viz. thoſe we call opaque, and none from others, viz. "Tranſparent 
Bodies > 'Tis anſwer'd, Becauſe by the opaque Body the Rays of 
the Sun are ſtopt m theiy- Progreſs, and bindred_from enlightning 
that Part of the Ground 'or ' "that is "behind rhe Body : Ih the 
Tranſparent Body the Rays paſs freely. This would be taken by ſe- 
veral as deep Reafoning ; and yet is really no more than Tautolog y;; 
as if we ſhould ſay, the Sun caſts a Shadow, Becauſe he caſts a Sha- 
dow. But it groes no Account of the Opacity of one Body, and Tranſ- 
parency of another, which trnly the Peſtion requires. If we. ak, 
How Fire burns > "Tis anſwered, by exciting a violent Motion ii the 
Parts of the Combuſtible Matter * Which mdeed is no more thait the 
ſame thing in different Words. , But how Motion is excited or commu- 


 nicated by one oy to another, is abſolutely inexplicable, et theſe 
B 2 Rind 
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Kind of Verbal Reaſons do generally paſs in Talk, and ſerve to 6 
muſe as well as the beſt. 

Since therefore we cannot expett to arrive at the intimate Know- 
ledge of Natures Operations: Let us apply our ſelves to know as much 
of Her, | as we may be certain of. And this only-is in Matters of Bx- 
periment and Tryal ; wherein by the infallible Guidance of our Sences, 


"we cannot be deceived. For tho, Experimentum periculoſum, 


be an ancient Aphoriſm ; yet we muſt conſider of, what. Experiments 
it was pronounced, viz. of thoſe m Medicine and Diſeaſes. It:a-\ 
erees not to all, when diligently enquired futo, and often. repeated. 
But when. we meet with any Experiment that is thus fallacious, we 
are not to rely on it ; yet- of this we may be ſure, and lay it down 
as a diſcover'd Certamty, that ſometimes it hits , ſomerimes it 
miles ;; and. in this Truth we cannot be deceived, ſeeing we have (6 
often found. it. | 3 

But I have lanchd out thus far, brfare I was aware : I muſt re- 
cover my felf, and beg Pardon both for this Digreſſion, and for telling 
you Things which you very well know already, at the ſame time when 
T offer you @ Petition, But my Defare of propagating this uſeful Me- 
thod of. Philaſophy will excuſe my Fault, and at the ſame time will re- 
commend me the more to your Favour, who are the great Patrons thereof, 
and in Account whereof your Name is Lſervedy. celebrated all over 
Europe. 4% 

Pomi me therefore to. lay this Offering at your Feet, it being the 
Explication of. one of the maſt noble Inſtruments of Experimental Philo- 


ſophy. Not that I think t eby to add. any. think conſider able to the 


vaſt Treaſwe of Curioſities you already poſſeſs : But that 1 may have 
an Opportunity of declaring to the World, bow much I am 


Your Devoted a 
Humble Setvaitt, 


April 17. 
1659s. 


WILLIAM MOLYNEURx. 


ADMONITION: 


TO THE 


READER. 


EFORE the Reader procecd- to the following Sheets, I de- 
ſire he may take notice ; n 
_ Firſt, That he is not to expect Geometrical Strifineſs in (e- 
yeral Particulars of this Dottrine. I fay, in ſevera! Parti: 
cularsz 'For many there are, which will bear the moſt pre- 
ciſe Exaftneſs: Kepler, Cavallerins, Herigon, Dechales, Honoratus Faber , 
Gregorius, Barraw, and other Authors have taken this Libetty 4 as be: 
ing more deſirous. of ſhewing in groſs the Properties of Glaſſes and- 
cheic Effets in Teleſcopes, than of affefting a Nicety, which would: 
be of lirtle Uſe in Praftice, Thus we ſhall find in whar follows, that 
many Lines are'ſyppoſed equal,” which ſtritly raken are really nor 
ſo ; but yer are foi very: lictle different, rhar for all uſe, and eaſe of 
Demonſtration, they may be taken as equal. Thus alſo we ſuppoſe- 
very ſmall Angles and their Sines to be proportional ; Which preciſely 
is not ſo, but is ſo to the fanalleſt and moſt inſenſible Difference. 
Thus likewiſe, we ſometimes conſider not the Glaſſes \Thiekneſs., but 
ſuppoſe it of the' leaſt T hiekweſs imaginable, or of no Thickneſs ar all z 
which yet is falſe, bur does hardly prejudice any Demonſtration. For 
Diopericts being a part of mixt Mathematicks, converſant about mate- + 
rial Lines ( or Rays of Light ) agd the refrattive Power of a corpo- 
real Glaſs, cannot be deliy with that *Axgr& «ia Geometrica requi- 
fite in abftrafted Mathematicks. | 

Secondly, The Reader will fiad ſome Corellaries and Scholinums here- 
after delivered, which'of themſelves moce property might have conſti- 
tuted Propoſitions. Bur rheſe did not occur fo readily in the courſe 
of the Work, And therefore 1 hoſt rather to add them as Corollaries 
_ than 
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-than change the number of Propoſitions and Cirations. Of this kind 


are Corol. ad Prop. 8. Corol. ad Prop. 15. &c. 
Thirdly, I have preſumed to intitle this Work Dioptrica Nova, as 


- being indeed almoſt _— mew. Very little being borrowed from o- 
1 


thers, but-whart is requiſite ro ſhew' rhe former Methods of/ Authors 
in demonſtrating their Propoſitions, ad to keep up the Conſecuti- 
on and Series of the Propoſitions of this Book. Beſides, I can fay, 
that rhe Geometrical Method of p—_— a Rays Progreſs, which 
in many particulars is ſo amply delivered hereafter, is wholly new, 
and never before publiſh'd. And for the firſt Intimation thereof, I 
muſt acknowledg my ſelf obliged ro my, worthy Friend Mr. Nam- 
fteed. Aſtron. Rege., who had it 'from & unpublithed Papers of 
Mr. Gaſcoignes. | | | 

Laſtly, 1 declare, That if in any thing hereafter delivered, I have 
made any Miſtakes, or not fo clearly expreſſed my ſelf upon Intima- 
tion thereof; I ſhall be moſt ready to retraff. And therefore if in any 
thing I have ſſip'd, - or made a falſe Step, '1 defire the ingenio 
candid Reader either to inform me thereof, and upon Convittion, I 
ſhall ſubmit ; or clſe that he would freely pardon the Error ;” Ziuma- 
num eſt. * 

Tho I had begun, and made ſome Pr in this Work in Latin 
yet I thought it convenient ( art leaſt for the preſent) to alter my De- 
ſign; There- being nothing in this Part of Mathematicks ever yer pub- 
life in Engliſh. And I am ſure there are many ingenious Heads, 
great Geometers, and Maſters in Mathematicks, who are not fo well 


. 


$kill'd in Latis. | 


If Forreigners may think this Work deſerves their Peruſal 3 in time 
perhaps I may fatisfie them. 

And becaute I have-ſtudicd ro be as plain as poſſibly I could, I 
have' choſen rather to be prolix in many Particulars, than leave any 
Ambiguity ro the moſt ordinary Mathematician.” And therefore in 
demonſtrating, I often repeat ſeveral Steps tho the leaſt altered; thar 
all things may lye as plain as poſſible. And on this Account I 
hope, the curious and protound Geomerters will pardon me; I know 
they are. uſed ro what is conciſe and cloſely put rogerher, much ex- 
preſſed - in a little : , But this Method ſuits 'not every Reader: And 
1 have choſen to accommodate mine to the plaineſt Capacities. 

Laſtly, in this practical kind of Mathematicks, 1 deſire the Reader 
to have frequent recourſe to! Experiments, for theſe illuftrate- the The- 


' ory and make many things clear, which otherwiſe will paſs obſcurely. 


—— 1 bo <A. 4x 
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To the READER. 


1 uſe the common Notes of a__ with ewo or three new ones 
introduced by Branker or Dr. Pell, ſuch as ' 


- Signifies Divided by, = 7 ſignifies Divided 6y 2. 
2 With a Line over it ſignifies the abſolure Number 2. 
X* Is the Note of Multiplication or drawing into. 


In the Demonſtrations the larger and leſſer Margins or. Columns 
arc of the ſame uſe as is expreſſed in Dr. Pels Algebra. To which 
I refer the Reader. : 


April 17. | 
1690. Witt Mort ynxEguUR 


——m 


DIOPTRICKS; 


4p 


= — — —— - 
<— OO Ee 


DIOPTRICKS. 


Defmtions. 


| Ab. 1. Fig. 1. ABCD is a Body of Glaſs, 7*- '- 
E FM is perpendicular to AB: ſuppoſe GF * 
a Ray of Light falling inclined on the Glaſs 


A D, the Point F is called the Point of Incidence. 

ll. The Angle EF G comprehended between the Perpen- 
dicular and the Ray, is the Angle of Incidence (with Barrow, 
&c.) tho by many Dioptrick Writers 'tis called the Angle of 
Inclination ; and its Complement A FG, is uſually by them 
called the Angle of Incidence. Bur I ſhall uſe the Terms In- 
clination and Incidence promiſcuoully, always deſigning thereby 
the Angle comprebended between the Perpendicular E F and the 


Ray GF. 


Experiments. 


I. GF isaRay of Light falling indined on the Glaſs ABCD; 
this Ray coming our of a Rare Medium, as Air, into a Denſe 
Medium, as Glaſs, does not proceed on its direct Courſe in 
a ſtreight Line rowards I; bur at the Point of Incidence F 
'tis bent or refrated towards the Perpendicular FM, and be- 
comes the retracted Ray FH. 

' IL. ArH is its Point of Incidence again, from Glals a Denſe 
Medium to Air a Rare, and in this Pallage, 'tis refrafted from 
the Perpendicular HZ; (o that inſtead 6f procceding drorly 
B — M it 


| ffraitin FHL, 'tis refrated from the Perpendicular H Z,, and 
' becomes HK; So that if the Surface AB be parallel co the 
Surface DC, the Ray becomes again as if it had not been 
refraged ; for now HK runs parallel ro'G F. The nazurat 
Reaſon of this Refration 3s varioully affigned by diversy, and 
is properly of a Phyſical conſideration; and wha is offered 
therein, is lictle more than Hypothetical ConjeRure, I {hall 
not therefore mix Gueſles wich Demonſtration : The Martter 
of Fact is manifeſt from Ten Thouland repeated Experiments, 
and this is ſufficient to my purpoſe. Bur yer there 1s ſuch an 
ingenious Hypotheſis concerning this Matter, publiſhed in the 
Atta Ernditorum Lipft.e, Anno 1682. Men. Junu, pag. 485. by 
the Learned and Ingenious G.G. Leibnutzins, 6 - cannot 
omit inſerting it in the Second Part of this Work, Chap. 1. 

HI: The Ray that fails perpendicular (as ſuppoſe EF a 
Ray) paſſes unrefrafted, bur all inclined Rays are refracted. 


Defmtions. 


Tez.Fii, MI. The Angle IFH, and KHL comprehended by the 
Ray directly prolonged; and the refracted Ray is the Angle 
of Refrattion. 

IV. The Angle HEM or ZH K compriſed between the 
refrated Ray and Perpendicular is the refratted Angle, 

V. Diverging Rays are thoſe that ſpread and leparate the 
farther from each other,” as they flow farther from the ObjeRt, 

T1-Fi2. Tab. 1. Fig. 2. B is a radiating Point, AB, DB, CB, EB, 
are diverging Rays. ws 

VI. Converging Rays are thoſe that approach nigher each 

L«x.F;3. Other, till they croſs, and then become Diverging. Tab.1. Fig.3. 
A, B, are rwo Radiarting Points in the Obje&t AB, the Rays 
CA, CB, do Converge, till they crols tn C, and then they 
become Divergmg DC, EC, 


VIL ®Parallet 


[31 

VIL Parallel Rays are thoſe that lowing from ' one and 
the ſame Point of a remote Obje&t paſs at the ſame diſtance; 
as to ſenſe : Bur this is not to be ſtrictly raken ;* for then the 
Rays flowing from one and the ſame Point of an Object, 
cannot be parallel, for they always diverge: Yet when an Ob- 
ject is at ſuch a great diſtance, and thar parcel of Rays which 
is conlidered, is ſo {mall, that their Divergence is lictle or 


nothing conſiderable, theſe Rays are ſaid to ; be parallel, 


Tab. 1. Fig.4. A is a Point in an Object ſending forth its'dt 7:.1.r5.4. 


verging Rays AD, AB, AC, AE; let BC be the breadth 
of the Pupil or breadth of an Optick Glaſs: Here if the 
Point A be ſo remote, and B C be fo ſmall, thar theParcel 
of Rays BAC, do inlenſibly run parallel, chen theſe are ſaid 
ro be parallel Rays. | 
;- VIIL Thoſe radiating Points or Objects are ſaid to be ranate, 
whole diſtance from the Eye or Glaſs is fo great, . that the 
breadth of the Pupil or Glals, in reſpect thereto, is inco 
{iderable.  *' S ; na 
IX. Thoſe radiating Points or Objects are ſaid co be. nigh, 
when there is a ferfible proportion- berween the Pupils or 
Glafſes breadth, and the diftance; 1o that the Rays flowing 


from any ſingle Point thereof | do: not- run. parallel to: each 


other, but diverge - conſiderably in reipect -of the Pupils or 
Glaſſes breadch, x 


Expermnents. 


V. Tab. 1. Fig. 5, | ZXY 1s a Body of Glals,) HBG is T«1.F+ 5, 


perpendicular to Z X,, 'AB. is a Ray falling on this Glaſs, and 
the Angle of inclination! or Inadence is HB A=DBG. 
Kepler tells us,. that under. 3o deg. of Inclination from Air 
co Glaſs, the Angle of Refraction DBC is « of the Inclina- 
tion, therefore the refrafted Angle CBG is 4 of the Indina- 
tion. . Wherctore-we lay down: the following Proportions, 


B 2 w as 


/ 


[ 4 ] 


is confirmed by Kepler's Experiments, and uſually retain'd 
þy moſt Optick Writers. 


{ Inclination DBG : refracted 4 CBG:: 3-: 2 
4 Inclination DBG : Z Refraftion DBC:: 3:1 
Z Refrafttion DBC : refracted 4 CBG:; 1:2 


V. Bur ſuppoſe the Ray CB to proceed from Glals to Air ; 
at B 'tis refratted from the Perpendicular BH, and becomes 
B A; here the Inclination s CBG=HBI, and then 


£ Incidence 'HB I: refrated 4 HBA :: 2: 3 
Z Inclination HBI: 4 Refraftion I BA :: 2:1 
£ -Refraftion IB A: refracted 4 HBA :: 1 : 3 


Theſe Propoſttions in the 4th. and 5th. Experiments we 
{hall retain in the following Demonſtrations, for the Eaſe and 
Plainneſs thereof. But in Calculation we ſhall oblerye th: Pro- 
portion that follows in the 6th. Experiment. 

VI. But the moſt Learned and Ingenious Mr.I/aac Newton of 
Cambridge diſcovered by moſt accurate Experiments, that theſe 
Proportions of Kepler were nor ſufficiently exact : For Des Cartes 
firſt found, that Refrations were not to be meaſured by the Pro- 
portion of Angles, but by the Proportion of Sines. Sce his Diop- 


tricks Cap. 2. Sec.7., And therefore Mr.Newton apply'd himlelf co 


diſcover the Proportion of the Sines, and found, That from Air 
to Glaſs, the Sme AK or DF of the Angle of Incidence A B K or 
DBG: is tothe Sine IH or CG of the refrafted Angle CB G or 
IBH:: 45300 to 193. (or near, as 14. to g.) And on the contrary, 
that from Glaſs to Air, the Sine of the Incidence : Is to the Sine of 
the refrafted Angle : : as 193 : to 300, or as 9 to 14. Bur the 
lame Mr. Newton in his Diſſertations concerning Colours and 
Light, publiſh'd in the Philoſophical Tranſattions, has at large 
demontltrated, that the Rays of Light arc not all Homogeneous, 
or of the ſame ſort, bur of different Forms and Figures, 1o 

WE” that 


o 
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[ 5 Þ [ | 
that ſome are more refrated than others, tho they have the 
ſame or equal Inclinations on the Glaſs : And therefore there 
can be no conſtant Proportion ſerled berween the Sines of the 

Iacidence and of the refrafted' Angles. Bur. che. Proporti 
that comes neareſt Truth, for the/ middle and ſtrong Rays of 
Light, is nearly as 300 to 193, or' 14 to 9g. 

[. As the Sine of che Angle of any one Inclination : To 

the Sine of its refracted Angle: :| So is the Sine of any other 
| Inclination: Fo the Sine of its refracted Angle. Therefore 
| by Experiment, finding the Proportion of the Sines of any one 

Inclination, and, of its correſ} © refradted Anglez/ this Pro- 

portion will hold in any other laclination or Incidence. See 

Des Cartes Dioptr. Cap. 2. Sec. 7, Merſenni Optic. Lib; y. Prop. 12. 

Decbales Dioptr. Lib. 1. Prop. 1, 2, &c. Sec allo Cap. 1. Sec. 4. 

Part 2. | 
Wherefore the Incidence or Inclination of a Ray bei 

'tis calie finding the refrafted Angle; for the Proportiefl is, 

as 300: To 193 :: (or as 14 tO 9) So the Sine of the In- 

—_ To the Sine of the retrafted Angle; from Air to 

Or Mechanically'thus, A B K being the! given/ of In- 

cidence, by a Sector make the Se ome? 2: F 300 
' parts (or 14) and take 193 (or 9) of-the ſame parts, and 
make therewith CG or HI the Sine of the retracted Angle; 
chea draw BC, this is the- progreſs .of the Ray A B-afer-is 
enters the Glals. . 
VUI. The Progreſs of Light through different Mediums is reci- ' 
procal : "That i A 'Þ fy pak the luminous Poine **** 

. Gin Air, to fend from it the Ray GF: upoa the Glaſs AD; 
this Ray by the Glaſs is inco F H within the Glas. 

Let us now imagin the Point: H. wichin | the- Glaſs, : co; be. a 
luminous Poinry tending our from ir ſelf the Ray. H F : This 

Ray upon. its Emerſon from. Glaſs into Air, inſtead- of = 


(6} 

_ -cceding directly to N, is refracted into FG. - Ando likewiſe 
ſy ag the Luminous Point G, to ſend its Ray G F, which 
ex a double RefraQtion on each Surface of the Glaſs proceed 

firſtin FH, and afterwardsin HK ; it we conceive K a Lumi- 

nous Point, ſending its Ray K H on the Glaſs ; this Ray af- 
ter a double Refraftion on the two Surfaces of the Glaſs ſhall 
be refracted firſt into H F and then into F-G; taking the ſame 
reciprocal Progreſs in both Caſes. | 

And this is not {o properly proved from Experiment ( tho 
that alſo does abundantly and moſt exactly confirm this Truth ) 
bur 'ris-manifeſt and kevident from the very Nature of the 
thing; For whatever ajonds Reaſon there is , which cauſes 
the Ray G F proceeding from Air into the Glaſs A D to be re- 
fracted from its dire&t Courſe FI into FH; the ſame reaſon 
there mult needs be to cauſe the Ray H F, 'procceding from the 

Glaſs A D-into the open Air, to be refrated from its dire 

Courſe EN into F oc For doubtleſs the RefraCtion proceeds 

from the Diſparity of the Mediums (but how or in what man- 

ner tis needleſs ro enquire in this place). Now the difference of 
the Mediums on their two determining Surfaces , or as the 

Point of Incidence F, continues the ſame, ler the Ray proceed 

from which of.them ſoever. For there is as great a reciprocal 

Difference berween Glaſs and Air, as berween Air and Glaſs; 

and con y the Refraction ' tniuſt needs be reciprocal. 

Fid. Barrow, Lett. Ope.. 3. Set. 3. | 


Defanitions. 


X. Whatever Line is perpendicular as to the Tangent of any 
Curve Line ar the point of Contra&t, is ſaid to be | 


5«a.Fi.6 to the ſame Curve, Tab. 1. Fig. 6. DE being a Tangent to the 


-- > the 
. the 


 Archof aCircle ABC, and FG being perpendicular toD E ar 
poinr of Contra F, rghrtary { ay. meamalr rake 
Curve AB C, XL A 


[7] 
XI, -A-Lane 'that'is inclined to the Tangent of aty Curve, 
is inclined to the-Carve ;/-and the Angle,ot Inclination to the 
Carve, is the ſame with the Angle of: Inclination-to the Tan- 
gent. FH is inclined to the Curve ABC, by the Angle 
HFG, according to which Angle the ſame Line H F is 1n- 
clined to the Tangent D E. 2 Fits 
-. XIL. K be Cencre of the Circle ABC, draw B K 
p.rallel ro HF, che Arch BF meafures the Inclination of the 
Line H F to the Curve ABC, or to the Tangent D E: 'For 
the Angle B K F is equal to the Angle H FG. (Pr. 29. 1. Eucl. 
\ XIlT. The Rays that proceed from-che middle Point of an 
Object, when the Glals is expoſed directly before it, ' are ſaid 
to fall direfHy on the Glats ; but the Rays that flow from'che 
Collateral Points of an Object, are aid co fall obliquely on the 
Glaſs. | Tab. 2: Fig. i.) ABC 11s 4 
parallel Rays trom' each. of us Poiars on the 'Glaſs.G K,  ex- 
d direttly before it. Here the Rays'flowirig from the Poine 
, are (aid to fall direfly on the Glals, :as/BG, BH,: BK 
Bur the Rays Rowing from the Point A, . or»any other: Collas 
teral-Point, are {aid ro fall obliquely: ov the! Glals, ' as AG, 
AH, AK. And here tis'to be:noted;y thar the Point B- is 
ſaid ro be direfly expoſed to-the:Glals, / when the Axis of 
the Glals EHB deftly produced, ' meets: this: Poine B : Burall 
other Points in the Obje& are Collateral Points ; for tho they 
may be direfFly expoſed''to ſome other Points inthe Glais, yer 
dire and collateral, are here to be underſtood only in reſpett of 
the Glaſs's: Axis or Vertex. Or inifhorr, that Point in an Ob- 
jedt is (aid to be dire, the xi of whoſe Cone of Rays is 
coincident or the ſame with the 4x6'of the Glaſs, that Poinc 
in aty ObjeCt'is" ſaid ro be oblique or tollateral, the Axis of whoſe 
Cone of Rays t:lls obliquely to' rhe Axis of the Glaſs. Fid. 
Dif.” 17: 18: © JN 


] bY *: 


XUV. Suppole 


diſtant Object; | ſeading Tu.t-Fi. 1. 


[$8] 
XIV. Suppoſe the Glaſs G K ed in the Hole of a Shut- 
ter in adark Room, and that thereby the Obje& ABC were 
repreſented on-a white Paper in FED - (how this is done we 
ſhall ſee hereafter.) From each Point of this Object there falls 
a parcel of Rays on the Surface of the, whole Glaſs; thus 
from the Point B, there falls BG, BH, BK. This parcel 
of Rays :is called 4 Cone of Rays, | having its Vertex in the 

Point of the Object B, and its Bale on the Glas, 

* XV. To this Cone of Rays there is another Correſpon- 
dent on tother fide the Glals G EK, which has its Baſe like- 
wiſe on the Glaſs, and its Vertex in a correſpondent Point E 
of the Repreſentation. | 

XVI. Both theſe Cones together (that is BGEK) are called 

APencil of Rays. | 

XVII. Each Pencil of Rays bas one Ray amongſt the reſt, 
which-/1s called its: Axis.» The 4xis of the dire&t Pencit BGEK 
is the Ray BH E,- which falls qupeatitathy on the Glals, 
and+ paſſes through ic unrefracted. But the Axis of any of 
the oblique Pencils, as AGF K is fomecertain Ray, as AHF, 
which, tho. it fall: obliquely, and conſequeacly is refracted 
by the Glaſs, yet being refracted from the perpendicular ar 
ics Egreſs fromthe Glaſs, as much as it was refrafted towards 
the Perpendicular, at its Ingrels into the Glaſs; it may be taken 
as not refracted at'all ; but that past of this Axis which is 
before the -Glabs - (viz; -A\H berween the Obje&t and Glaſs) 
and that. part 'of ic which is behind the Glaſs. (viz, H F be- 
rween the Repreſentation, and the Glaſs) do run parallel ro 
each other, or cather'in one Right Line. that part of it only 
which is within the Glaſs, , being bent-auc of its ſtrair Courle, 

And. that in..cach oblique.Peacil. of , Rays |(for of the )dire&& 

Pencil 'tis manifeſt) .there ſuch a cenain/ Ray. thus affected, 

ſhall appear more fully hereafter. And here we are to diſtin- 

guiſh berween the Axis of a Pencil of Rays, and the Axis of the 

Glaſs.,” Ste Pet. 18, The 


2 OO ES gun 


c9 } 
- Tho Pengils-6f,,R2zs RS. NE ate expreſſed dif-. 
ely im;the Shame: —_ by movin wag Points) tor. 
 XYIIL\ Tabe 25: Fige3s Als p fog ) of Glaks, whoſe Sur-7 
face ACD is the Se a Sphere, the Centee whoned 
isF., KB a Ray falling IT h the Centre F 
draw CFR parallel to KB, CFR wok Axis, and the Point 
C the Pole or Yertex of the Glals : Or more generally thus, 
Fhe xis of a Glaſs is that Right Line, which, ng produced 
both ways, | falls on' che Centres 'of the Tivo Surfaces 
(if the' Glas be"'a double Convex, irate of 
which bein ogg yihmoaly falls on'the Centre /of ' the 
Spherick nu | oagas pendicular to the plain Surface, (if 
the Glaſs be a Plano- I or Plano-Cancave.) So that 
the Axis of a Convex-Glaſs pa cular to the thickeſt 
part of; ehe complcar Glaſs; pall? a Concave, iQ the: thumeſt part 
of the complcat Glals. Compleat 1s added, vid. Second 
Part, Chap. 4. Sed. 4. The Poles of a Glafs arc thole two Points 
ia the Glo haupinhich:che, hip palſer ) 4 | 
[Tis \necdleſs/ ro'( define + what: 45 +macant: by a//Conyex, o 
Concave-Glaſs, &c.. for knows this already. +, ,/ 
XIX. The RayK'B-falli =o the Conrexiy ACD, 
rallel-ro-the Azis CR,;oand refrated ro BR; ſo thar 
now it runs no more lel, - bur crolſes the Axis'in R: | the 
Point R. is called the Paint-of Concourſe, /: or of Convergency, or 


the Focus. | 
1. Suppoſution. 


That from every Phylic cal Point in an Obj jet Rays of Light 
are diffulcd \jn direct, Lincy through the Hemi here round it. 


Tab. 2. Fg. & 3: Thus _ b in. the Object abc. projects Tz.Fi2: 
a 


from it the Rays bd, bd, bd, wherever they are not hinder- 
cd by ſome Opaque, B dy Wennng, And theſe Mp _ 


[ ro ] 
ſtrait Lines, whilft they paſs through hone 3 Uniform 
Medium. 


But here -we''arc 'to conceive a radiatiri or” lo- 
minous Pointe, riot itt | ſtridt 'Mathematical Senſe," but in 4 
Phyſical, conſidering it-'2s the leaſt part imdgindble'in an 


Thas the, Axis of the Eye, Glab, or Glaſſes, expoled-. he; 
fore. an Object be Prependicular, ta the Plane, of: the, Qbject; 
or that. the, Eye, Glals,,or Glaſles. expoſed, boon a Gee, 

ve luppaled dixefily expoſed, thereto, | |... . 


Þ x Sappofinn or Adnan 9d elle) 9 


' Beoaufe' iv many ' ruch Per 
= Error ariſes om their Han pig per 
to them the Epithers of Dizarging, -and Cov- 
_—_— gs Croſſing ; without” exprefling ctearly- whether 
they mean” Rays from one and: rhe aa? Point 'iv/ an: Object, 
or from. Different Poims.” Therefore we | are! ro) contider 
in the caſuing Doctria, wherher-the: Namie Rays do relate to 
thoſe from owe and whe fame" 'Poiaty-or, from-different Points, 
_ thar this may be the-rmove , cafe, ds- _—_ ex 
from the ſame Pojarto beijach, »thar-is, I call them 
" from the ſame Point. 


1 
4 v4 


| .Fxge. l. Props. 


Tab. 2. el AE. is 4 Bady if Glaſs; whoſe Surface 
ABCD Hy iy Segment mr Sphere, the Centre whereof is F. 
KBiss ight parallel thr” Axis CFR. © There 
_ bebtg itn rs YN 


adit bf thi Oorrvexity,” and'B O” the 


Diſtance 


»* <_—— 


[ v1 ] | 


Diftance of the Ray from the Axis ; 'tis 


red to fuid the 


Pont R, wherein this Ray, -after one ſole ation at the 
Point of Hicidence B, croſſes the Axis CR. 
1. Producer KB ar pleaſjre:©o.H, and:draw BEX at 6 
»+1. 1n the Righe Angled'Ttriangle B OF, we have given BO 


and BF, whence we Py hnd the Angle BFO=HBF, 
which is:che [atidence. 

2. Then fay,. as 300 :: to 193:: (oras 14'to 9) i the 
Sine H I- of +the\ Incidence HB F ©: :co:the Sine ZL It ha m6 


fracted Angle-RB F; then HB F-RBF—HBR=BRB, 
—_ wh Angle of Retraction. 

wx RBF, all the Angles and one of the 
Sides " are known wheace we may had FR: Which was 
required. .' 1 | 


Example. 


FB=FC=2 Inches, or 20000 Parts, an Inch being 1 000d. 
B Oz: an Inch, or 500d fuch Parts, The Angle 'of Inci- 
denee! of {nclinarion BF Oz=HB F will be _ 14 29. 
And'the refratted- Angle FB R-hall'be- 9 Wherefore 
BRF=HBR==75" 14; Whenos the LineB Ri found $5345 
I II EE 


0G. 2 br: 25 Cordflaryo ? 


From this Calculation "ris manifeft, That in this Caſe the 
Point of Concourſe'R'+ diſtant from rhe Pole of the Glaſs C; 
almoſt a Diameter and half of the Convexity: For a Diame- 
ter and half is 60000, -and:CR'is 55341, which wants 
only _ of 60000. 


{ bs gall a” | 


C 2 +! * 9) Schalin 


+. 


m_ 
bao - 
gy” —_ _— _— wo 


, © 4 26 ee et oor en nes 


© Te SEAS EDS apt oe a > - 
, Os r9=> ay > PR,» Ws tee 


— 
a gy Ry I —_ | _—_ _— 


- BIAS ts 


—_— SR. os + w + rei 


Sno abr - 


- - 4a 
+ 05g 


So, ARCO 4 
2” i 


— - 


[ ra ] 


1} wor \ FI »& \o 6 tiny 

| Solan 4 A uno 
This Propoſition ache 34th. of Kepler; Dioptricks, and in 
him and- + Opticians) tis: mms chuus _ and :de- 


mooſtraced, | '- 

The Rays that are parallel to the Axis, wa fall | "A onthe Gow 
vex Surface of a Glaſs, and at their Ingreſs are 'vefratttd, and 
fo. paſs forward : in: Glaſs only, | are! wuted/ with: the \ubxis! ut the 
diſtance of | almoſÞ- « Diameter aud\balf of thi 71, ſuppoſing 
the Glaſs to be a Portion of no\ more than'aboigtrofo degrees 'of | its 
Convexity, or . (which is the ſame thing) Juppofog the Inclnation 
of the moſt extreme Ray to be but 15 Of 

This Limitation of 15 degrees inclination | is added, brcagle 
above 15 degrees Sines and Angles are not proportional, bur 
under 15 degrees they are- nighly roportional , a double 
Angle having a double Sine, a treble Angle a treble Sine, 
GC 


Te2.Fi3, Wherefore they thus deerionſtrare this Propoſition, Lu 


- 3. BFC=HBF s/ the/ladinationg HB R=B.ReF--i5 
the Angle of Refraftion, -R BF the refracted Angle. Bue by 

iment 4. R BF. the retracted Angle : is to. BRF the 
Angle of Refraction : : as 2to: 14 Therefore the Sines of chele 
Angles, being under 1 5 degrees, (hall be as 2: tro1. Bur in 
plain Triangles the Sine of the wen and the Sides ſub- 
tending thele Angles arc therefore the Side R F 
is double FB.or FC. go" nem Furernaph—1 orequal 
ro three Semidiameters : Which:was to be demonſtrated. 


Scholium 2. 


But a neater way of Expreſſing and Demonſtrating this 


Propofttion is thus. 
When 


—_—.—— a —_—_—_— a > — 


Tab 3: P49 - 42 


L 


— — — — — \ 


Ho ne DD De RG a er A or 


: x ww 
AC c _— I. A 


| ih—20 , | 

{ xks == hah 157 5 5: 
Lnkh= 76.27 

= 458 


=A+ ff = = =549 


% 


| 


_  -— — = — > 0. OCT ORE Ye oe 1 AO one bn» 


5 


(43 1] 
When a Ray falls on a Spherick Gl Glaſs, and afterwards it 
but once refrafted, croſſes the "His." ſhall'be, as the Sine yard 
Angle of Re Com _ : to the Sine 
the Radius of the Glafs's'Sphere-:' to the refrafted Ray." 


of the 
«th ag of heme ſo 


MN 


\Tab:3. Fig. 1.'Ler ber be rhe Convex' Surface ofhe Glab Taz. Pi. 


he; - f'rhe Centre-of «che@ Compexicy, 
bf c the Angle , bo the 'Sine of che: Iachinacion, 


br the refracted _ meeting the Axisin 7, FT AE 9 
- Angle of Real” draw-fe parallel co bz, then ef c 
ro brc, and/ec is rhe; Sine of the Angle of Refradtion. 


ADE, kb a Ra - ww uf 


And by reaſon of the ſimilar Triangles br "ef c ic ſhall-be 
ated. | 


ec:bo::ef: br. Which was to be 
Wherefore {ſuppoſing that from Air ro Glafs, che Sn ofthe 
Angle of Inclinatiofl-:\ be to'ithe Sine of che refracted 
as 300: to 193":"\then the Sine of the Inclination ſhall: be': to 
the Sine of the Angle" of-RefraQtion ::'as 300: to:300 
=107. Becauſe the Angle of Refraftioa is equal to the difle. 
rence berween —_— of Inclination.and the refracted Angle: 
And Sines and Anglesibeing (in! chele {mall mall Angles): y_ 
tional. i ſhall be As;1o7 ; 300 :: ſo [Radius of | the! 
vexity : ro the Concoult of the tefrafted Ray with cherMix 
It ſhall alſo be, As 107): 193-:: ſo the Radius of the Con- 
vexity : to theConvcourle of the rfractd Ray. GE 
Centre of the _ | IG WIC 


For Tab. Fg.n. v'4 60! 7 :: 300 7 193 3 no þ * Ta.3:Ficn: 
Dividing he Fiſt 2 m1 21 : fac 1 : "9? 
That & zeaf: :: 107 193 


'- Morcover, ' '4 eaf= cu Angie of Refra@tion.. M 
From: 3 and 4 mjpu = foo $2 107 319377 (1 
But in.the 4 «bc sf be if 6<:59 rrp” = cd: 

From'\5-and:6 / 7/107: 193 ©: 46 :1eb= To-che Con: 
nn ada Pig: oe Crete of the | Which 
was te be demonſtrated. Px 0 mi 


Tu.4Fr.t. 


_ rr ts Emerfion from Glafs: 


.cidence or inclination. 


——— 


—— 


[.14 ] 
Paos IL: \Pzosn 


A Plano-Convex Glaſs af b Tab. 4: Fig, 1. bewiz expoſed to a 
| ) dftant Objet# with its Convex fade towards it, and recerving the 
"Ray cd parallel to the Axis e 7, -"tis requred to determun the 
| Poe of Concourſe z, from theſe Data, 't h the Glaſſes thick- 
neſs, <q f the Radius of the Convexity, and dg the diitance of 
;\ - theiRay cd from the Axis ez. | 
.Fhe:- ſame Problem is propoſed-trom the lame Data, for the 
plane Side towards the Object. 13 
Burt firſt for the Convex: Side to-the Object : The Mecha- 
nical Conſtruction is thus, 7 ab. 4: Fig. 1. Produce the Ray cd 
h the Glaſs at pleaſure 10m.) 'And* from d the Point 
of Incidence draw the. Lined q\ to the Centre of the- Con» 
vexity-. ;- this is the Perpendicular, and the Angle q dm the [n- 
Ond as 4 Cencre at any diftance ftrike 
che: Arch 04, in which make.m 1 the Sinc of the Angle of 
Incidence, to. op the Sine of the retracted Angle, as 14 to 9 
(or-#j-9: ſuch parts as- 1171 is 14, © which is cafily done by the 
Sector)' the-Line d ks {hall be the Lance in which the Ray 
would proceed; if the Medwum of Glas were continued fo far. 
-' Brat: becaule in this Line at k che -Ray emerges from the 
plain Surface of the Glaſs a denſe Medium-jato Air a rare Mc- 
dium, from k raiſe kx perpendicular to the plain Surtace 4 þ b, 
and on k, as a Centre at any. diſtance rike the Arch xus; 
then the; Angle x k « is the Incidence of. che Ray patling from 
Glaſs to Air. | \n%$ -&> 
Making therefore; £# the Sine of this Angle, to rsthe Sine of 
the ſecond refracted Angle from the Perpendicular as g to'14, 
the Line drawn from k through the Point s, and produced to 
the "Axis:at; z, ſhews the Progreſs of the Ray anche :Aar at4 
hacore the Pbinr':2 6 derer= 
ky toy l Irigo- 


mined /in the Axis, 
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Trigonometrical Calcnlation. 


Bur this Point x, or the Meaſure of the Line fz may be 
found more accurately by" Calculation thus. In the Trian- 
gle qdg Right Angled at yg are given qd and dg, to find the 
Angle of Incidence 4qg, and the Side qg. Then gf —bf 
=qh, and qo —qh=bg=d:. 

Firſt then, becauſe che Ray paſſes ar 4 from a rare Me- 
dium into 2 denſe, it ſhall'be'r towards the Perpendi- 
cular dq. Wherefore the Analogy is, As 14: to92! foithe 
Sine of the Angle of Incidence dqf (=mdg)': to.xhe Sine 
of the retracted Angle od q (chat is'k dl), But mdq \(=# #0) 
—kdl=irdk =xkn, dmand k x' being parallel +) And this. 
is the Angle of Incidence as the Ray paſſes from! Glafs"ts 
Air. 1 91G? ID 2W a> vatlieins 

Secondly, In' the ltdle Right Angled Triangle: ; dk, "che- 
Side di, 4 the Arighe+ 4k hr hooks ; © Whence thes Side® 3K 
may be found; ther ib! (=4g) i Aktb 217 1901 2 

Thirdly, 'Becanfe at kthe Ray emerges 'from- a Denſevinto.2, 
* Rare Medium, ' i ſhallbe refrafted from the Perpendicular kx ; * 
and the Analogy fhall be; us 9 © t/ 14 :5 fo rhe! Sine of the 
Angle of Incidetice ©ki#2torhe' Sine" of the Second refracted © 
Angle x ks (=k b, kx, and - — | fu 

Fourthly;: I #&Right Angled Friangle &b:2, the Sids k 5; 
and all the Angles are known,” whenee'the'Side' biz; \ rad com- 
fequentiy'f'% (3:4) the Diſtance ofthe: Paint'ob-Con 
courſe tot the Pole of the*Glak f is diſdovered. | 14s 1th 2d 

When the*plain Side #-uwvnied 9th Objeeþ)cthe Mcthod'Þ . 


the ſame, only fhorcer ; for Tab. 5. Fig. 1. in the Right Ang+7a;.+:.. . 


led Triangle q d g, we have qd and dg to find dqg=udx, 
the" Incidence, and the Side qg : Then qf—qg=g f. Next, 


AS9 : to 14 :: (oras 193 : t0 309 ::) lotheSine ofudx : to. 
the 


[ 16 } 
T«4 Fi. the Sine of sdx., But sdx—udx=5du=dxzyg. Then in 
the Right Angled Triangle dag we have 4g, and the Angles 
to find g xz, + And gy—gf=f xz Which was to be found, 


Scbolium. 


- [In the little Tables inſerted in Tab. 4. and Tab. 5. I have 
iven Examples at large of che Calculation of che Progrels of 
Þe Ray cd, which I preſume is pretty truly wrought : Bur if 
| any Errors do intervene, they are caſily corredted, 


By theſe Tables we may perceive, that the Point of Con. 


courle 2 is diſtant from the Pole ION abou a Dia- 
- meter of che Conyexicy, but not fully ſo much, 

'Tis'alſo to be noted in Tab. 4. Fig. 1. That the Point of 
Concourſe x, ſhall be leſs or more xzemoyed from the Pole f, 
according as we give the Gla(s lels or more thickneſs. For 'ris 
manifeſt, that the farther we lec the Ray run in:the Medium of 
Glaſs, after it enters it at d, . before it emerges into Air ar k; 
the farther the Point of Concourle x ſhall. be ated from 

167, f.- For we may. imagin che Medion of Glaſs continued be- 
low the Diameter of the Convexicy, and then 'tis evident that 
the Point of Concourſe xz ſhall be much more. below ict. Bur 

ic can be no\more below it than a Diamexer-and balf. By the 

Firſt Propoſition hereof. SHES Ee + 

' This our Second Propoſition is uſually. found in Diopaicks 
thus expreſſed and demoaltrated. HOP 

Parallel Rays falling on « Plano-Convex-Glaſs, are united with 
the Axis about the diſtance of « Diameter of the Gnvexity from the 

Pole of the Glaſs, if the Segment be but 30 Degrees. 


L297 1 


Demonſtration. | 


Firſt for the plain Side cowards the Objet. Tab.6. Fig. t47:b. 6. 
ABis a Ray of Light falling on the Glaſs G L parallel to the ** © 


Axis CD.  C is the Centre ofzhe Convexity GP L. Joyn CB; 
che Angle of Incidence or Ioclination is B CD, the Angle of 
Refraction is EBD' or BDC, . £ 

Wherefore in the Triangle B CD, the Angle BCD bei 
double the Angle BDC (For by Kepler's Experiments, whic 
are follow'd by moſt Auchors, from Glaſs to Air, the Angle 
of Incidence : is to the: Angle: of Refraction :: as 2 : to 1.) 
the Side BD _ be double the Side BC; the and 
Sides or Sines under 1 5 Degrees bei oportional ; but D P 
is almoſt equal ro BD FS; the Thi tf and Breadch of the 
Glaſs, im Optick Glafles eſpecially in Glaſſes of Long Foci, 
are mnconſidetable), therefore DP is double C P. Which was 
to be Demon#tr ated. 


Secondly, for the Convex-fide towards the Objet. Tab.6, T:5.Fia. 


Fig. 2. ABCD « a Plano-Convex Glaſs: {I have here exprel- 
ed it of this thickneſs,” to ſhew' the Angles and Progrels of 
the Ray more plainly, tho really this great Thickneſs hinders 
the Exactnels of the Demonſtration; for the Glals is to be 
ſuppoſed of the moſt inconfiderable Thickneſs ). F is the Cen- 
tre of che Convexity, KHis a Ray falling thereon, parallel 
to the Axis E G. This Ray, | (after it has ſuffered a Double 
Refraction, one art its Ingrels from Air into Glals at H towards 
the Perpendicular H F, by which-ic becomes the Refracted Ray 
H M, and another Refraction at its Egrels from Glaſs ro Air 
ar M from the Perpendicular Þ M, , by which, -inflcad of going 
forward towards R, it becomes the: Refracted Ray M G) at 
G croſles che Axis, ſo that GE is the Diameter of the Con- 
vexity AEB. | 
D ,-- For 


I/, 


\ 
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For the Incidence or Inclination of the Ray K His LH F, of 

which Angle there is raken oft. + LH M, forthe Angle of Re- 

fraction from Air to Glals is 4 of the Incidence (by Exper. 4.) 

- * If therefore the Ray had proceeded onwards in Glals towards R, 

' It had croffed the Axis at a Diameter' and half (by che forego- 

| ing Propoſition), bur ar its. egreſs inta Air ac M, it is again re- 

| fracted from the Perpendicular PM: by the Angle..R MG =+ 

PMR. The Angleof RefraQtion R M G'trom Glaſs to Ajr, 

| being 4 the Incidence PMR (by Exper. 5,) / Bur PMR' is 

| equal to LHM. Wherefore thetiſt Angle of Incidence LHF 

| by this Double RefraQtion, has loſt -ar{t 4 of it ſelt LHM, 

| | and again z of this Third RMG:: Bur'4 and- ; of + is equal 

| to 3, wherefore the Angle of Incidence is diminiſhed by its Half, 

| Ta.C.Fiz3, Letus therefore conſider the Glals A B, Tab. 6. Fig. 3. with- 

out reſpe& to,its Thicknels, or to the RetraCtion the Ray ſut- 

fers -at 1ts egreſs on the lower fide of the; Glaſs into Air. \But 

Jer us jmagin, that by the firſt Refraction,, the Ray were 

brought nigher the Perpendicular HF by half the Angle of 

Incidence LHF, and we ſhall find, | that then the Ray ſhall 

| croſs the Axis/at G ; - ſo that GE ſhall be the Diameter of the 

Convexity. | For LHG or GHF is equal to; LHF or HFE 

the Incidence; ' but HF E is equal to GHF4-HGF (32. 1, 

Eucl.) therefore GH F and HGF ate equal, each of them 

| being + HFE, and confequently their oppoſice Sides H F and 

| GF are equal. Wherefore GE is the Diameter of the Con- 
vexiry A E B. Which was to be Demonſtrated. 


— 


— 


Corollary. 


' In Plano-Convex Glaſſes, As 300—193 =107:;:: To 193 
| :4 So Radius of the Convexity :' To the refrafted Ray taken 
| to its Concourſe ' with the Axis/; which in Glaſſes of large 

| Spheres and ſmall Segments is almoſt equal ro the Diſtance of 
76%: the Focus taken in the Axis. Tab.6. Fig. 1. De- 
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Demonſtration. 


The Inclination = =ABC=OBE=BCD=193; 
,Refracted An ——— 300 , 


"Angle of R action=E B D=BDP= OBD-LOBE 
=300—193=107. 
In the a BDC : s BDC : 5 ZBCD: : Rad. —BC : BD. 
Thar 6s, 


107: 193 :: BC: BD=PD ire Glaſſes of large Solere. 
Which was to be Demonſtrated. 


Pore. IL. Pxosnx. 


In a Double Caloedd Glaſs ab, Tab. 7. Fig. 1. of equal or 77.1.F5... 


unequal Convexities ; Let the Centres of 2. Spherical Sur- 
faces be k and q; cd a Ray falling parallel to the Axis kqz, 
and being Refratted at its Ingreſs at d, and at its Egreſs at i; 
Tis required to determin the Point of its Concourſe with the 
Axis at z, from theſe Data, the Radii"ky,- qw, of the 
Convexities, and g d the Diſtance of the Pomt” of Incidence 
from the Axis. 

This is ſo eaſily done by Scale and Compaſs from whar 
foregocs, that I ſhall nor'infilt on a farther Explicatio there- 
of, bur ſhall ſhew the more certain Method of tracing be 
Progrels of this Ray by Calculation. 

Produce"c d directly:to ey and di tom. 'We _ kt 
quw—wyizkg. 

»» Firſt therefore in the Riohe anpled Triangl6 4 4 Y; G 4 vai 
q 4 being” given, we may find the 2g q d==q de-and- the fide 
98: Then kq —qg=kg- 

Secondly, in the Right: angled Triangle kyd, heth being 
given &.g and gd, we may have the 4g kd=kdc, and*the 

hide'k d. D 2 Thirdly, 


—_ — 


— -- 


Thirdly, As 300 : to 193 :: ſo S.4qde:toS. Zqdi, 

yomily, de—qdi=zedi, And1r8o —kdc—edi=kdi. 

Fifthly, In the Triangle k di, the Angle k di and the Sides 
k i, kd, being known, we bavethe Anglekid=mvrl. - And the 
Angle:kd. Theng kde-thdr=qRi. 


% - 


Sixthly, As" 1949 £20 300 it 10.5, 4ki dio S. 4x61, then 


Ail—qki=ka:. 


Ta.7.F1.. 


Laftly, ha the. Triangle aki, K# 1nd all che Angles being 
known, we find kz, from which ſubtratting ky, there re- 
maias 2 y, Which Was required, . ©. : | 

It by this Method we calculate che Progrels of a Ray-chrough 
a Double Convex-Glaſs of equal Convexities ; and the Thick- 
neſs of the Glals be lictle, os nothing in coropariſon of the Ra- 
dius of the Convexity ; and the Diſtance of the Poiat of Inci- 
dence {rom the Axis be bur ſmall, we ſhall find the Point of 
Concourleto be diſtant from the Glaſs about the Radius of the 
Convexity nearly. 

T'bis our Third Propoſition in molt Dioptrick Writers is 
uſually thus expreſlcd. 

Parallel Rays falling on « Double Convex-Glaſs of equal Convexi- 
ties 01: both. ſides, are united with the Axis, about the Diſt auce of the 
Radius of the Convexity from the Pole of the Glaſs, if the Segment 
be but 30 Degrees. 71h | 

Bur their Demonſtrations of this Propoſition are uſually per- 
plexed enough, by reaſon of the ſmallneſs and multiplicity of 
Angles, which are expreſſed in their Figures, as alſo by the 
Thicknels of the Glals, which they are forced to repreſent, and 
_m to be neglected in their Demonſtrations. 1 ſhall give as 

a Demonſtration as I can, after their Method, as follows. 

Tab. 7. Fig. 2. Let a be the Centre of the Convexity bk1, 
h the Centre of the Convexity bil, db a Ray of Light pro- 
duced directly ro f parallel tro the Axis «hb. abe is a Right 
Line, and hbc js a Right Line. The firſt Angle of Inclina- 


(100 
4 


[ 21 ] 
tion is c bd=hbbf=ebf, and the dicular is þb, By 
the firſt Refraction the Ray is FRAY om. its ſtraight 
b f and becomes b yg 2, approac c ndicular þ þ b ho 
4 Angle fbg, which 1s 3 0 the Incination ed Produce g þ di 
reel to 2, Now the > of Incidence F the lower Con- 
vexity b k| from Glaſs to Airis ab;z=ebg, and the Perpen- 
dicular is ab or be: Wherefore the Ray inſtcad of going for-' 
wards in þ g is now, by its Emerſion into Air, refr from 
the Perpendicular b e, by the An ngle 2bb, which is therefore to 
| be equal to ; the lecond An gle © Incidence e b g. by Exper. 5. 
and that g b þ is equal co 4 bg I thus demonſtrate; 


By the Suppoſals in the Pro 

HC Crienin CR ot Fo 

By the Fig. — — — — — 2g bb=f bhb_fbs 

From 1and 2 — — —--|;'8 bh=ebf_fb 

Doc. Refract. Exper. 4. - IF be== 4648 FN - 

__ 3 and 4 — —, —  netr 7 ebf= iebf 
' Moreover by the Scheme — d: reby=tebf+1fbs 

& >þ 2 ne 'fbg=tebf 

From 6 and 7 — — — | eby= (eb ebf=;ebf 


From 5 and 8 -—— —— 


9 ; bb=tebg 
Which was to be Demon#t 
Therefore it follows that the Ray by this ſecond Refraction 
$in þþ, croſling the Axis in h the Centre of the Conyexi- 
ty. Which was to be demonſtrated. | 
See the Demonſtrations of this Propoſition Kepleri Dioptri. 
Prop. 39. Herigon. Prop. 15. Dechales Pr. 21. lib. 1 3.. Hon. Faber 
Prop. 43- Sec. 8. Cherubm de Orleans la Dioptr. Oculair, Prop. 2. 
Zabn Teleſcop. Fund 2. Syntag. 1. Cap. 4. Prop. 8. 


Of Glaſſes of unequal Convexities. 
As for double Convex Glafſes of unequal Spheres on each 
ie, he frging Mecodof Calclaoa denies he Pins 


of /Conco [22] 
of urle exadtly-in them alſo : Bur the 5 

ma _ Do is-this, thorter ule laid | 
ter ny; : $6 he ub phy to ri | 
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\ - Bur'this Rulo will nice” but? litle/fanker' 
if-we conſider;” thr ie he event iri'double Convetesof 
Convexitiesz for in"them; as the Sam'vf" che Radit of burk 
Convexities : -to-the Radius of the-Convenity : : ſo the doable 
Radius-of che Convexity: to the Diſtance of'the'Bdcus.':: And 
ris the ſame-in Glaſſes of unequal Gomvexitiesz"forchele refyaRt 
in the; ſame Proportion'to cheir Tort n 9cl3 
-Wherefote” frart\ thele [rhi6e Th te Pa Care lay 
cheſe down'as Generat Ruiles ;© That the ron 3 
Parallel Rays falling on « Plans CmvexitGlofs, - 
Didmeter'of dniGyoalige 'Ona tonble Convex of 
'tis about") Diameter of the-Convexity, ' 2nd 0d" 
Convex of unequal Convexitirsy- the Kale for findng + it-45-'what-we 
bave laid down before. - 1-55 fi; 


Scholaam. J | 


Before E proceed; «will berequilice here:to nate, That the 
Rays whichFall nither the Axiv'are not nitited thereto ſo Wear the Pole 
of the Glaſs, | as thofe that fall farther from it;* andthe; difference 
of the Points of Concourle is not ſo great, when the Convex 
ſide of a Plino-Conyex Glaſs is turned'torhe Object, as when 
the Plain ſide is cowards the O Object. , "Eee 
For this obſerve Tab. 8. F. 1, 2, 3. in'cach of which the Ra- 2,3. 
dius of the,Convexity c w i$/2, Inches, or: 20000 Parts (an Inch 
being 10000;Parts) the Arch r 7 1a the firſtand ſecond Fi- 
gures is a Quadrant, and conſequently, the Tiackyels of the 
Glaſs vx inrach-is 5858, being the verſed Sine"of 45* ro the ' 
Radius iea00; Bur. wn he doe Qonien Fig.13 «the thisknel(s | 
of.che.(Glals 12&/i:5 of, -an:dnoh or $0a0- fu ; Partyics S/4h | 
each: 4518 _ flling on.che Glaſs Patallel to the Artis ed, lac | 
the idiltan Po an- Iach/or:/1 ova {adv.Parcs 12s gan hs. 
209 Gndgatie Ray falling4:61G of: ——— 


= ”*" 4 I 


[24 ] 
Parts diſtane from the Axis, i 4 4he Point\whereia the Ray. a b 
incess the Axis, - b:ch& poior jm which de croſſes the Axis, Here 
Leall bi the Depth-of Fecas,, which-we-ſee.iy greater) in the = 
ſecond Figure, wherein the, plain {ide is cowards the 
than in.che firſt, Fig, whertio. - Convex Surlace is towards the 
- Fac: Proof of this; let. che: Angles. of Incidence be-to 
the refracked Angle (according to Kepler); as-3 10/2 /Exprefſed 
in the fiſt Column of che following Table; or ler the Sines 
of the Incidence be tothe Sins of the refradted A nglcs, as 300 


to 193-( to. Mr, Newton). aS'is exprel; ad he ſcond 
Column: of the "Table. Then by y te fringe 

Calculatian, OY 3 OPEN Pecplies, we 
endl i TRy 


260 iſt, .. Column. Taz | 


| 3:2? 14 oderRefzo0: :193: Inc Ref. 


CO OOO. Oo OE Cee —O renee 


* Pons wich the Carers, 1 45 4,49 J@ [0 123.4765 |: 
v1, 4 racbe het.) [pbh=4,1230|vba=3,4112) 
.-1.1,[Tab. 8. Fig. 4. bi = 700 | $4. =. 659 


= a________ od er 


NC —_— 


4 "Fir the Pla Ornlg, 5 = —_= 
wich the 3.9910|v {=3,5937 
5 Ojai "(oh =3.71490|vb=3,3259 


Tab. & Fig. 2. hi = 27704b4. =, 24 2698] 


dekow ice 1 Barlo i= 176; 
Tere ten ob=" 1.685 vb="1"6551" 
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From this Table tis-manileſt, ficlt har the Ray's b, which 
falls nigher the Axis v4, 'is noc united cherezo ſo near the Pole | 
of the Glaſs v, as the Ray 4e, which fills farcher from the 
Axis; tor-ab is: united-to the Axis arthe Diſtance vi, and de 
is: united to che Axis at the Diſtance »b, but v4 is greater than 


uS. Secondly, 


—_ 
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Secondly, 'Tis | evident hat! che) Focal Depth: bins coe- 
great in a Plano-Convex Glaſs, whien the Convex Side is t0- 
wards the Obje&t, as in Fig. 1. Tab!.$:-as when the plain Side 
is cowards the Object, rhe or Tab. 8.. for by the;Table 
h iis in the former bur-650; pear Sas 75 rn 2691, 
that is more than fourtimes greater. 


Whence I deduce this, thatin'vi Objctt by a Plano- 
Convex Glaſs, ris beſt turning th DELETE 
jet ; and- fo likewiſe: for burning wats. 6 'tis | beſt 
crurning w_ Convex Side towards'the Sun. {: 


Of OBLIQUE RAYS. 
P remiſes to the Fourth. Propoſatio. 


Hitherto 1 have conſfider'd only the Dire: Rays. I come 
now 'to the Conſideration © of Oblique Rays : ; And for this/ we 
muſt have Recourſe to our foregoing./u3th: and 17th. ,Defini- 
rions/; as alſo to': the firft and fecond' Experiments; By -the 
13h Definition, we-know what: 0 Rays are: And by 
the 1zth Definition, we learn that in every Parcel of Oblique. 
Rays, flowing from the ſame Point, of. an. Obje&- upon a 
Glaſs; theres one certain Ray, which "may be calied the 
Axis, and that this Axivis as it were not-at, all refracted. Bur 


for a farther Declaration hereof, Tab..g. Fig: 1 Let. @ be be 749-5: 


a Plano-Convex Glafs, : with the: Convex towards the 
Object, db«the Axis/of the Direft Cone of Rays, £b a Ra 
6 the/Oblique Cone, i falling on-the Vertex of.che-Glaſs ar 

,| this xs the Axisof an -Cone, and: afcer its Double 
R ation; firſt at its [ngrels at 6,' and then; at.its. Egrels ac f, 
it becomes f g. Parallel role b.. This is Evident, if. we-ima- 
gine the» Ray e b to 'fall'on the! Plane Glaſs amn c,. tor 'tis 
retracted the ſame-way inone Cale/asin tother., open 
ther Raye Sf gy 187 as) at; were _—_ as.ebbor kf g;.lo 
ikewale 


o_  — —— 
— 


I 
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likewiſe we may 1 the Plane Side'of this ſame Glaſs ac 
turn'd rowards' the Object, -rhen p þ d is the Axis of rhe Di- 
ret Cone, and" x f the Axis of an Oblique Cone. We fee 
therefore that a Convex Glaſs, bei with its 
Convex Side tothe; Objett,” the Rays that fall from the ſeveral 
Points of the Obje&t, whole ingre/r is at the Glaſſes vertex b, 
are the Axes of the reſpedtive Cones: Bur the Plane Side be- 
ing towards the Objeft, the Rays from the ſeveral Points, 
which have their at the Glafles wertexe &, are the Axes 
of the reſpe&tive Cones.” » And-that amongſt the Infinice Rays 
that proceed from a Collateral Point of an Objeat, and form 
an Oblique Cone, falling on the PlaoiConves Glaſs ; there is 
ſome one certaig Ray, hat falls.on che. Vertex, and has its 
Ingreſs. at b; Or (f the Plane Side be towards the Obje&) 
has. is Eterfidn at b, is manifeſt from this Reaſon only, that 
the Rays compounding ſuch a Cone, are {ſpread over the Whole 
ſurface of the Glals, and arc as it were Infmite or Indefraite. 

Te.s.Fi.z. In like-manner, Tab. g. Fig..2. a b ck is a Double Con- 

vex of Equal Grreniiohs d bk p the Axis of the Direct Cone 
of Rays, eh Ray of an Oblique Cone, which at irs Ingrels 
at his refracted into. b f fin fuch manner that it makes che 


Arches bb, & ff equal; then ar its it becomes f g, Pa- 
rallel to eb, as if ir had not a ll refrated but 


had pall-irotly forward, or through a Plane Glaſs. This 
alſo will be manifeſt, if at the Point of Incidence h, and at 
the Point of Emerfion f, we'draw the Tangenes mn, or ; for 
theſe Tangentsare Parallel when hband f & are equal Arches; 
and the Ray mr ay GG Glaks 
than if it had fallen on the Plane Glats mnor.. 
-- And that the Inhnice -Rays that >a a 
Collateral Point of an Objeft; and form an Oblique Cone, fal- 
ling on che Double Convex « þ ck; there is One Ccr- 
tain Ray, char hasits Incidence fo, that after its Retraction at 


its 
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its it proceed fo int the Glafs, *as to cut off 
Arches b b, kf, oy be eaſily conceived ; becauſe the yrholt 
ſurface of the Glaſs is is occupy'd by each Cone from each Point; 
ſo that the Point þ (for mſtance) carinoc miſs of having a- 
mongſt the" reft ies Ray , which maſt neceſſarity be fo re- 
fracted. 

What has' been ſaid a 'Donble Convex of E 
Convexities Tab. 9. Fig. 2. may "} EDT bly ar 
ble Convex of un rope ovedl Tab. 9 3. For as inTe#iy 
Fig. 2. the Arches b Þ, k f,' are to be Ly herF 
being Equal) ſo in Fig. 3. "the Arches rH & #, are'to be Si- 
milar ; that is to fay, þ is ro be ax iruny ; of its Cir- 
cumference, 2s-k f is of its Ciicmiferenice. hus ſu wh 
the ſame Fig. 3. The Arch a b c to be ſtruck with a 
of two Inches, SHER, a & ©* ro be ſtruck with _ 
dius 4 Inches ; theſe Radii being to each other as 2 to 1, k f 
muſt berob bas 210 1, for hey ſhall be of equal de- 
grees, each in its own reſpective Circumference, for here like- 
wiſe ir chi chind Fe: che Tangents * bad Þ run Parallel 


eo 

bes Axes of all "the Radibiil Cones, f [ling on'2 Plano- 
Convex with its'Cohvex Side to the Object, Croſs cach other 
iy the Vertex of 'the” Convex ſurface, I thei ty eſs into the 
Glafs;"as in : H. Fig. 1. at b; Bue if the Biane”Side Emer. 
cured towards che ObjeR, they Croſs in the Vertex of the 
ns 0 Py Vans the Glafs, 2s in chi lame 
Fig: 1. ar 

"The Axes of all the Radious Cones, wh: a 2 Double 
Convex of Equal Convexities, Sin Fg $107 Mid- 
dle'or Cetitre of the® Gtalles Axis. TY 9, Fig, 2, T«9.Fia. 
4b p is the Line, which 'produced, Feoryt h che : 
Centres of the two: Convex arc this Aa barye- the Axis 
of the Glafs ,*tet"'# o be equat to kg, then q is the Poine 

E 3 


wherein 
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wherein the Axes of. all the Radious Cones Croſs each 
other. | 
The Axes of all the Radious Cones, falling on a Double 
Convex of- unequal Convexities, Croſs each other in a Point 

within the Glae in its Axis, which divides the faid Axis in 
the Proportion, that the Radius of one Convexity has to the 
T:9Fi3 Radius of tother. Tab. 9. Fig. 3. Let the Radius of the Con- 
vexity a k c be to the Radius of the Convexity a bc, as 2 to 
1. Ler b & the Axis of the Glaſs be divided in q, ſo that k 4 
may be to bqas 2to 1, then q is the Point wherein the Axes 
of all the Radioys Cones Crols each other. 
The lame may be underſtood of Concave Glaſſes. 
And this is ſufficient for explaining what, I mean by the 
Axis of an Oblique Cone of Rays. 
| come now to the Fourth Propolſttiofi. 


Pxoe. IV. 


The Parallel Rays that proceed from each Collateral Point of 
an Objeft, and fall Obliquely on a Glaſs, are united with their Axis 
at the ſame Diſtance, as the Dire Parallel Rays are united with 
their Axis, viz. By a Plano Convex about the Diſtance of the Di- 
ameter ; by a Double Equal Convex about the Diſtance of the Ra- 
dius ; and by a Double "xa Convex, as is before determin'd. 


| I have hitherto propoſed the Properties of Glaſſes Proble- 
matically, to be Demonſtrated or rather traced out by a Geo- 
metrical Calculation of the Rays Progreſs. This Method, as 

tis the moſt Artificial, fo 'tis the molt Legitimate and Exact, 

and wholly New and Diſtin& from that of other Optick Writers. 

I ſhall fiſt obſerve the lame Method in this Propoſition, pro- 

7% 1>. poling it Problematically thus, Tab. 10. Fig. 1. ef c is a Pla- 
+ nv Coayex Glak, wich the Conyex Side towards the Object. 


Tab 10. pag: 20 
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Let there be given q f the Radius of the Convexity ( as in 
the Table after the toregoing Scholium) 20000, and f gy the 
Glaſſes thickneſs 5858, xz fq a is the Axis of the Glals it ſelF, 
or of the Dire&t Cone of Rays, the Point of whoſe Concourſe 
is in a, fo that f a (as we have found: in the fore oing Pro- 
politions) is 34112. Let » f be the Axis of an Oblique Cone 
of Rays, falling on the Vertex f; and making the Angle of> 
Incidence r f x, ( =x 4!) of any given Quantity (as in this 
Example ſuppole 14'. 28'. 40".) Let us ſuppoſe an other Ray 
m i Parallel to r f, and its Point, of Incidence # at ſuch a Di- 
ſtance from the Axis 3 f a, that being produced directly for- 
wards, it may pals through the Centre q of the Convexity ; 
that is to ſay, ler us __ k qi to be equal to x fr. Thus 
I propole it for eaſe of Illuſtration, for the Calculation may 
as truly be performed by ſuppoſing the Ray m i at any other 
Diſtance, as I ſhall declare ——— 

From theſe _ given, 'tis required to find the Point | in 
the Axis, where the Ray mi crolles it. For the Diſcovery 
whereof we proceed thus. 

Draw i k Perpendicular to x q, then. in the Right-angled 
Triangle k q i, we have qi, and the Angle k q i to find kg 
and ki; thengf —fg=qg. Andkq:ki::qg: gb. 

Produce r f to p, then in the Right-angled Triangle f g p, 
we have fg, and the Angle gf p=r f x to find the Side 
pg; or thus, the Triangles g f p, 94h are Similar, then 
gq:gh::of : gp. Saythen, as 300: to 193 :: ſoS. Lgfp: 
woS. 4g f d. 

In the Right-angled Triangle f g:d, we have f.g, and the 
£o fd, to Rad the Side dg, then dg +2 b=dh. 

Draw ho and d x Perpendiculars to e c, ſay then; as 193 : 
to 300 :: loS. Zobq=gqh:toS. Lobl, Butgo'—obl= 


dhbl. And 9o'-+x dl or af r=bdl. 


Laſtly, 


Es 
ph CO ee el — _ —_ _ 
4 n , 


—_— — oa ev 


Laſtly, In the Triangle bd 1, we. have the two Anglcs 
db1l and bd1, and the Side þ d to find the Side 41; which 
was required. 

[ have (aid before, that the ſame Calculation may be per- 
formed for any other Ray Parallel to » f, falling at any di- 
ſtance & «i from the Dire&t Axis 4 f 44; fuppohting wich the 
former Data ( inſtead of the Angle f q i) (Tab. 10. Fig. 1.) 
the Diſtance k i ( Tab. 10. Fig. 2. ) be given. For thea in 


T10.Fi2. Tab. 10. Fig. 2. draw n + b Parallel to 7 q, and produce qi 


CIT 2X0 7 
— "_ 
Is 9 —_— 


to x, then nim=r f xz. In the Right-angled Tnangle q ks, 
having ki and qz, we get the Angle k qi=nix, and the 
' Side k g. And nixnim=mix= tothe Angle of Incidence, 
And 1/—1 k=f k, f g—f k=kg=i b, by which in the le- 
veral fmall Triangles within the Glaſs, we may find the An- 
le of the Rays Incidence from Glas to Air, as in the immediate 
cm Example, and fo onwards in like manner. 
I ſhall propoſe one Cafe more in this Doctrine of Oblique 
Rays, and that is in Tab. v1. Fig. t. where the Plane Side of 
the Glaſs is turn'd towards the Object. And that we may 
trace 'a Ray in -this Caſe by Calculation, and find our a pro- 
per Ray for our purpoſe, we are to work a little backwards, 
thus, q f=qh the Radius of the Convexity is given 20000, 
f g the thickneſs of the Glals is given 5858; And qf—y f= 
q4g=14142. Let d f bea Ray within the Glaſs, whole In- 
$ is at d, ſo that dg is given 1000; and its Egrefs is at 
the Glaſles Vertex f: Inthe Right-angled Triangle d gf, we 
have two Sides given to find the Angle d fg. Let k d be 
Perpendicular to e c, and produce f d direRtly to'x': Then fay, 
as 193 :to zoo :: fo Sine of 'the Angle kdx=4df x : ro Sine 
£ kdr. And kdr_kdx=xdr, Wherefore rd is a Ray of 
Light falling on che Glas at & obliquely by the Angle kd r, 
which after its Immerſion imo the Glaſs procceds onwards, 
and Emerges at the Vertex of the Glaſs fo This Ray at its 


Emer- 
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Emerſion hs” ſhall again run Parallel to r d, by what fore- 
goes; wherefore the Angle | f « is equal to the Angle k dr. 

And thus much for the backward Operation, which we 
have Inſticuted ro find a proper Ray to work with, that is, 
ro find the Axis of an Oblique Cone, and ics Angle of In- 
clination. 

Let m i be another Ray Parallel ro + d, and falling on 
the Glaſs at i, ſo that g i, may be given 5000, "Tis requi- 
red to determine the Point I, where the Ray m i, after a Dou- 
ble Refraction ar ics Ingreſsat i, and at irs Egreſs ar h, meets 
the Axis'# d f |. 

Produce r d direQly to p, and m i to b, and make s i Per- 
icular to ec ; Seeing therefore that m i is Parallel to rd, 
refracted part i þ, ſhall be Parallel to the refrated part df, 

and the Angle xdr (=pdf) ſhall be equal co 6h, and the 
Angle k dy is equal to 5i m. Joyn fb. 

"Then in the Right-angled Triangle q g i, we have qs and 
Fg i to find the Angle gqi=qis, and the Side qi: Bur qis 4 
Sim=miq, and 180* _miq=4qib, And qib+bih is 

al to qih. 

Therefore in the Triangle qi h we have the Sides q i and 
qh, and the Angle qib, to find the Angles iqh and qb i. But 
2qi—iqh is equal to gqh or f gh. 

Then in the Ioſceles Triangle f q b, we have fq and qb 

| to each other, and the Angle f q þ ro find the Side / h, 
and the Angle f hb q=qf b. * 

Produce q þ directly to o, then as 193 : To 300 : : So Sine 
Angle qhi: To Sine of che Angle oþ1. But 180 _obl_ fhbq 
= fhl. Allo 180'—qfhb=bfa. Andbfablfa=bfl 
_ Laſtly, Inthe Triangle f !, we have f þ and all the Angles 
to fad the Side f I, which was required, 


Common 
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Common Demonſtration, 


I ſhall now Demonſtrate this Propoſition the uſual Way. 


Tab. 12. Tab. 42. Fig. 1. 4 gb is a Phano-Convex, let the Plain ſurface 


Fig. 1. 


2K 


ab be firſt turnd to the Obje& : And let the two Parallel 
Rays cd, ef, fall Obliquely on the Plane ſurface a b, 1 ſay, 
that theſe Rays ſhall be united in.l, fo that h | ſhall be near 
equal to the Diameter of the Convexity, which we'll ſuppoſe 


Seeing the Angles e f b, cd b, are equal, theſe two Rays 
have equal Angles of Inclination, and conſequently ſhall have 
equal Correſpondent Angles of Retraction within the Glaſs,and 
therefore the refrafted Rays db, f g, ſhall alſo be Parallel 
within the Glaſs: And becauſe from the ſame Point in the 
Object, that tranſmits thele rwo Rays cd, e f, there proceed 
Infinite Rays, which falling on the Glaſs, and being refratted 
therein, do occupy the whole Glaſs ; ſome one of theſe Rays 
after its firſt Refraction, being produced backwards, ſhall paſs 
through the Centre of the Convexity i. Let hd be this Ray 
produced directly both ways to i and [: Sceing therefore þd is 
Perpendicular to the ſurface a g b, at bit ſuffers no-Refraction 
in its Egrels from the Glals. Wherefore let us conſider the 
other retrafted Ray f g, and what Refraction it ſuffers at the 
Point g on its Egrels from the Glals : Here the Angle of Incli- 
nation is f g i equal to the Alrern g iþ; Let us ſuppoſe the re- 


fracted Angle k g |, which (by Experiment V) ought to be 


* more than the Inclination f gi=g ih, . Wherefore in the 
Triangle igl, li:ls::S £Zlgi=S Zlgk:S 4lig. Butin 
theſe {mall Angles, as the Sines, ſo the Angles, and' there- 
fore if the Angle | g k be 5 more than the Angle li g, the 
Side [i is 7 more than the Side y or 1 þ ( for lg and 1h 
are .inſenſibly equal in Glaſſes of ſmall Segments of large 

Spheres) 
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Spheres) wherefore þ; being the Semidiameter, þ/ ſhall be 
the Diameter. Which was to be Demonſtrated. 


Secondly in Tab. 1 2. Fig. 2. Let the ſame Glaſs ab be turge T12-Fiz. 


ed with its Convex-Side to the Object, and thereon let the Pa- 
rallel Rays cd, ef, fall obliquely ro the Axis. + Theſe Rays 
ſhall be united together behind the Glaſs almoſt at the diſtance 
of the Diameter of the Convexity. 

For amongſt the parallel Rays that fall on the Glaſs, let us 
conceive one ef, that after ics firſt Refradtion arf, paſling in 
the Glaſs in the Line f b, and being produced diretly, would 
paſs through the Centre of the Convexity i. If we conceive 
the Medium of Glaſs continued, mn that thele two 
Rays ef, cd, would be uaiced in & at the diſtance of a Dia- 
meter and half from the Glaſs (by Prop. I.). _ From'the point 
k draw k n perpendicular to the plane ſurface of the Glaſs « b, 
and let the Ray no be drawn parallel to ef, cd; 'this Ray 
2 0 ſhall alſo, by its'firſt Refraftion, be direted cowards the 
Point k; and becauſe within the Glaſs the Ray » m-1s. perpen- 
dicular to the plain Surface ab, it ſhall proceed unxefracted 
through m/k. . I ſhall now ſhew chat fb by its ſecond Retra- 
Rion at it? egrels at h is retracted rol. Draw þ |, and chrough 
h draw q h p perpendicular to a b6, The Angle of. Iaclination 
within the Glas sfhq=pbk=bkl. And now [ſhall prove 
that the Angle kb is 4 the Angle of Inclination pb k or. bkl. 
In the Triangle þk1, s. 4bkl : 5s. 4kbl :: bl : kl (orkr, 
for they are nearly equal), but bl is almoſt double k | or k r, 
therefore the Angle hk | is almoſt double k þ |. . Which was to 
be Demonſtrated. And therefore the parallel Oblique Rays 
have the Point of Concourſe at the diſtance of a Diameter al- 
moſt from a Plano-Convex Glaſs. Which was to be Demonſtrated. 
Vid. L'Optique de Pierre Ango Livre 3. Sec. 69. Ge. 


Thirdly, In Tab.13. Fig.1. 2x is a double Convex, cisthe T.13-Fi.r, 


Centre 'of the Conyexity x 4 x, » the Centre of the Coavexity 
F (bx, 


— 


{Þ x, cy 5 the Axis of the Glaſs. 'Tis evident by what foregoes, 
that whatever Rays fall on this Glaſs parallel ro the Glaſs's Axis 
are united thereto, at the diſtance of the Focus, (viz, about 
the Semidiameter in equal Convexities) as ſuppoſe at m; Where- 
fore ler us conſider rwo other Rays, parallel berween themſelves, 
but oblique to the Glaſss Axis c 5, ſuch as fg, hi, Ifay theſe 
likewiſe, after a Double Refraction do concur about the di- 
ſtance of the Principal Focus (for {o I call the Focus of the Rays 
parallel to the Glaſs's Axis.) 

Seeing there are infinite parallel Rays, that fall thus oblique- 
ly on the Surface bx, moſt certainly there muſt be one 
amongſt the reſt, which ſo falls thereon, that being pro- 
duced diretly, ſhall paſs through the Cencre y of the. Con- 
vexity *z bx: Let us conceive f g to be this Ray, ſo tharfg y 
is a Right Line; let it be produced to /, ſo that y | may be 
equal to double g y. 

Fromm the Point { to c the Centre of the Convexicy 3a x 
draw the Right Line {z, and where this Line cuts the Surface 
zbx, as in z," let the Ray h4 fall parallelto fg. Tis evident, 
" that by the firſt Refraction the Ray hi ſuffers on the Convexi- 
ry 2 x, it will concur with the Ray f g in | at the diſtance 
of a Diameter and half, for now fg dy! may be conſidered 
as the principal Axis. | 

Let us ſuppoſe —Y Focus of this Glaſs to be at m. 
From the Centre c ſtrike the Arch mk cutting c | in the Point 
k. The Ray hi ſhall be refrafted at j, bur the refracted 
Ray ir (ſeeing it is perpendicular to the Surface 3 ax by Con- 
firuRion) ſhall proceed unrefracted direftly ro k ; but the 
Ray fd being refracted in the Point d ſhall procced retra- 
&ed, and (ſhall be united with the Ray ik ink. Which [ 
thus prove, 

From c draw the Line « dp, the Angle pdy is equal-to the 
Angle of Inclination gd c in the Glaſs ; and cheretore if dk 
e ; bo | be 


[35] 
be truly the refrated Ray, the Angle pdy ought to be donble 
the le ydk, and is, K is 1s Ce over 

Let us ſuppoſe the Ray oe Paralle| to'the principal Axis 
cs, this Ray by the firſt Refraftion it ſuffers at e is directed to 
the Point s, fo that þ 5 is a Diameter and half, or triple by, and 
therefore-equal to gl. The ſame Ray oe being refracted ar 
eto n, andat n ſuffering a ſecond RefraQtion is to con- 
cur with the Axis cs in m, the principal Foens Sa 
fition. In which Caſe, the Angle of Inclination in the Glaſs 
ſhall neceſlarily be en c, which is equal to qns, and the Angle 
of Refraction ſhall be 51m; and therefore the former qns 
ſhall be double the latter s nm. Bur I ay, as q ns is double 
of snm::lo pd! is double of 14k. Which [thus prove, 


In the Triangle n cm | 1. Lenm=5Lqum: s4nme:: cm 
| =>: nc=cd 
Alſo in the Triang. d ck 25.Zcdk=$sZpdk:5Ldkettherned. 
From 1 and 2 | 3þ £qum: sLume: 5Lpdk:54 dke. 
Then Sines and Angles 
being proportional 


| 4' qum: nmc:: pdk: dke 
| 


By the Scheme | | qnm=qns +snm. Allopdk= 
| pdl+ldk. 

From 4 and 5. 6| qns+snm:nmc:pdl+1dk:dke.. 

Alternando 6. 7| quns4snm:pdli-ldk::nmc:dkc.. 

Moreover jn 4 nms. 85. £5 mn=$s 461 me: 65 nmins 


[- dl: m $==k | A ic 
Alſo in Triang, dk! 98.4 dkl=5s,4dkc:s. £Idki dil: kd 
From 8 and 9 1016 £nmc: 3.4gnm:zaddke: 51 dk 
Sines and Angles prop.|44} mmc:; 59m:;: dke; dk +: 
Alternando 1 1 1121 nt idk; nm? dkes 
From 7 and 12 141g 15450 mppdl4idk 25mm: dk 
Alternando 13 1144155 1m:inmup dll dkiddk 
Dividendo 14 _ [15]qus: $8m:: pidi;-ldk% 


F 3 From 
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From which 15th Step it follows, that if qn 5 be double 
of snm:: ſo pdl is double of Idk. Which was to be Demonſt. 

Note, In this Demonſtration we aflume ns and 41 to be c- 
qual, and ms and k1 to be likewiſe equal, whereas they are 
not ſo exactly, for the Thickneſs and Breadth of the Glals cau- 
ſes ſome lictle difference, but in Glaſles of ſmall Segments and 
large Spheres, and where the Rays do not fall very obliquely, 
this Difference is ſo very inconſiderable, that in a Demoaſtra- 
tion-relating to a Phyſico-Mathematical Martter, they may well 
be conſidered as equal. 


Scholium. 


| Bur tho the Propoſition expreſſes, that the Parallel Rays 
which proceed from each collateral Point of an Object, and fall 
obliquely on a Glaſs are united with their Axis at the ſame di- 
Rance, as.the dire& Parallel Rays; yer this is to be under- 
Rood witch ſome Limitation : For if the Rays fall very obliquely, 
their Union with the Axis is not ſo exact, bur they are .ſcat- 
tered and the Focal Depth is very great. As will appear by 
Calculation. 


Of the Repreſentation of outward Objetts in a Dark Chamber ; by 


a Convex-Glaſs. 


From what has been hitherto laid down reſults that admira- 
ble Appearance, and Efe&t of a Convex-Glaſs duly placed in 
a {mall Hole in a Dark Chamber; Which cherefore we ſhall 
here-conſider, Tab. 14. F. 1. ABC is adiſtane Obje&t, which 


- we are now to conlider as very remote, fo that tho the Figure, 


for want of Room in-the Paper, expreſſes the Rays flowing 
from 'every ſingle Point, as yery mach diverging; yer we are 
© imagine; that'the Rays ( for Inſtance) from the Point A 
run as it were Parallel 'ro-cach ocher-; the diſtance of che Object 
—_ BH 


© + - 
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B H being ſuppoſed vaſtly grear, in iſon-to the Glafles 
Breadth G K {Bur aker the | Propotting: Rllowing this 
Advertiſement of the great diſtance:obrhe Obje&.will be-need- 
leſs, as therein ſhall appear) \G HK is a Plano-Conv 
receiving on its Surface a Cone of Rays from each fingle: Poine 
of the Obje&t, bur here:for avoiding Contufion in the:Scheme, 
we have only exprefied che Cones flowing from the olt, 
middle, and lower/Point of the  ObjeR, that is A, C, 
and B; and in.cach of theſe Cones neither have'we' 
any more Rays than the Axis of the Cone (as for inſtance) A H, 
| and the two extreme Rays of the ſame Cone AG and AK. 
Firſt therefore for the Rays that flow from the: Point A. 
By what forgoes we know that the Axis of this' Cone A H; 
after it has paſled the Glaſs proceeds diredtly rowards F, as if 
ic were not at all retracted ; and that the Rays AG, A K, are 
united with this Axis in a Point ( ſuppoſe at F) diſtant from 
the Glaſs about the Diameter of irs Convexity' ( thei Glaſs, 
being a Plano-Convex ) and what is ſaid of the Rays. A G, 
AK, being united with their Axis, muſt be conceived of all the 
Rays that make up the whole Cone flowing from this fingle 
Point A: and they are all united likewiſe with the Axis in the 
Point F, forming another corre{pondent Cone G F K, having its 
Baſe on the Glaſs, and its Vertex in the Point F, making the 


Pencil of RaysF G AK F. 
And ſo likewiſe, what-is declared of the Point A, and the 
Rays that flow from-it, and«of-their being united r in 


F, may be calily conceived of 'the Rays flowing the \Þ 
middle Point - B, *and: their being united in E; "and may” | 
be alſo underſtood of the Rays flowing from C, : and thew 
union in D;- and ſo of the Rays: proceeding from ary other 
Point in the Object ABC,' 4nd their being united in a cor- 
reſpondent Poinc in FED.” And this FED we call che 
Diitin Baſe, Focus, os Burning Point, "Tis called- the -Di- 

| ftin&. 


N. B. 


ſtint Baſe 
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\ becauſe therein is a Diſtinft 


\Repreſcatation. of the 
the Glaſs GKin the Hole! of a dark 
Room, ſo chat the Repreſentation F E.D may. be diſturbed by 
no other luminous. Rays from outward; Qbje&ts, -and a Paper 


ObjeR. And fu 


were placed at DEF, there to receive the image; we ſhould 
thereon ſce the Object molt livelily painted an/its exatt Shape 
and Colours. 'Tis called the Focus, -or Burning Point, becauſe 
the Glaſs being cxpoled to the Sun, it there oollets rhe Rays 
from .cach Point of the Sun's Body, and:paints its Image 
there moſt vividly, exciting a violent Heat, even to the in- 
fAamiog of combuſtible Bodics. | 

But whereas | in a Scholinm after the Third Propoſition, it is 
obſerved,” that the Rays falling nigh che'Axis are nor united 
thereto {o near the Glaſs, | as the -Rays:thar fall farther from the 
Axis. . And conſequently thar' all the Rays from one Point in 
the Object, do not unice/in a corteſpondent Point in the Di- 
ſtint Baſe, bur that (as we have noted before) the Focus has 
ſome Depth, and conliits nor in” an Indiviſible Point. Yer 
this hinders not the Repreſentation in the Diftin& Baſe to be very 
lively and exact. For tho all the Rays from. each Point are 
not united in an an{werable Point in the Image, yet there are 
a ſufficient quantiry of them/to render the Repreſentation very 

And tho {ome Rays from other adjacent Points may 

a little intermix with thoſe from its neighbouring Parrs, yet 
theſe are {o. few, that they-make no great diſturbance. 

Morcover 1n a Scholum following the Fourth Propoſition, 
tis obſerved, that when the Incidence of the oblique Rays. is 
Very oblique, that then cheir-Concourle with their Axis is nor 
{o very regular. From hence it proceeds, that the Repreſen- 
tation inthe. Diſtnf# Baſe; is\not fo clcar and exact towards 
the Extremes, as towards the. Middle. | 

As for the'xcaſon of this ſurprizing ance an a dark 
Chamber, wherein there is a ſmall Hole armed wich a Con- 


VCX- 
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vex-Glaſs ; ic will be manifeſt, ;if we conſider, that from eve- 
ry Point in'the inverted/Re raron on the Paper, the Rays 
proceed to the Eye that:Jooks«atlir;"exadtly in the ſame man- 
ner; as from the Obje&it ſelf, » | For let us in \the Poinc 
A to be Blue, B robe Tellow, and'C Red. Becauſe all the- 
Rays flowing from A- are ſeparated - by themſelves, and fall 
in the Image on the-Poine F, where no-other Rays intermix 
with them to diſturbthem, rhey.muſbneeds there repreſent Blue.. 
Fot paſling chrough che Glabs, irbeing'a Diaphanous Colour- 

jeſs Medium, does not arall alter them | (norwithſtanding the 
Appearance of the Priſme,) and the Point F in- the Paper be- 
ing eolightened only with Rays of Blue: Light, and of it {elf 
being White, indifferenc to:all. Colours, | or rather indeed of no 

Colour,' muſt needs repreſent Blue; and fo 'E Nellow, and D* 
Red. As to the Shape of the Object, ir mult needs be expre(- 

ſed exact likewiſe; tor every Phyſical Point in the ObjeR 

ſending owt a Cone of Rays fling on the Glaſs, and theſe be- 

ing formed into another Correſpondent Cone on the other ſide 

the Glaſs, determinmg' rheir Vertices in Correſpondent Points 

of the Image; the Eye muſt neceſſarily perceive on the Paper 
the lively Image of the Obje&, being it is affected inthe ſame 

way by This; | as by the Object it (elf. . For from the Obje& ir 

ſelf che Eye receives only a Cone of Rays from cach of is. 
Poims, and {@ ir receives. a Cone of Rays from-cach Point 

in the [mage on the Paper ; cach Poinr in the Image on the - 
Paper bein pa ors by the Rays 1t receives through the 

Glaſs ; and conſequently the Paper, being-an [impolite Surface, 
reflets tcheſe- Rays into- the' whole 'circumjacent Medium... 
Vid: Schol. Prop. 5 2. Gregoru Optic. Promat. 

And now that { ant” on the 'Confideration of this Appear- 
ance, it may not be improper to' condider che Effect of a Plain - 


{mall Hole without 2 'Glals in a dark Room. Tab. 14- Fg, 2, T4. 14: 


Fig. 4+ 


repreſents a dark Chamber, in whoſe-{ide-chere is a (mall Hole 
gk. 


_- a oo - 
_ 
OOO _ —————_— ——_ 
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k, + an Inch wide; abc-is a diſtant: Objeft. Now becauſe 
S_ is no Glaſs in the Hole g k, the Rays from cach 6 ro. of 
the Obje& paſs through-the Hole directly ſtrait, and repreſenc 
on the Wall within, atdedf ef, a faint atid confuſed Image of 
the Obje&t : Becauſe here by the\narrownels of the Hole, the 
Rays from ſome Points are-hindred-from intermixing with the 
Rays from ſome other Points; as here che Rays from the Poinc 
a do not intermix on the 'Wall with the Rays from the Point 
c ; for we {ce dd do not-intermix-with ff. - But then the Re- 
ſentation is confuſed ; for tho ſome Rays are hereby hindred 

m intermixing with ſome other Rays, yet other Rays from - 


| nigh adjoyning Points do intermix wich their neighbouri 
Rays, as has Jed 


the Rays from a, and thoſe'from b are blen 
er in fe, and ſo thoſe from c and bin de; And if the 


| Hole be made fo narrow as to hinder this communication of 


Rays in a great meaſure ( for tis ablolutely impoſſible to hin- 
der it altogether ) then the opening admits ſo few Rays from 
each Point, that the Image 4s obſcure and imperceivable. 


; /1i/ There is another Particular relating to this Appearance in a 


dark Chamber, which ſeems not fo clearly treated of in thoſe 
ick Writers which I have conſulted. Particularly Zahnin 


-—- \'+ his Ocxd. Artif. Fund. 1. Synt. 3. ' Cap. 2.Sec. 8. gives no fatisfa- 


Rory Account thereof. The Martter is thus; in Tab. 14. F. 1. 
if the Image D E F in the dark Chamber be received on a Spe- 
culum or Looking-Glaſs inſtead of a White Paper, the Eye 
perceives a moſt dilute and faint Image on the Speculum : Bur if 
the Speculum be placed any whete berween GK and DE F, and 
a Paper placed as far diſtant from the Speculum before it, as the 
diſtin Bale D E F is behind the Speculum ; then the Specu- 
lum (hall refle&t on the Paper'the diſtin&t _— of che Object. 

"The-dilute and very faint Image, / which che Eye perceives 
on the Speculum in the firkt Caſe, from the Imperfe&t 
Politure of the 'Speculum ; | For it 1t were a moſt n_—_ 


{moot 


[4 

ſmooth Surface, even tha Ja, e ir (lf veould not a 
..  Butas, tis impoſſible by wo ls ra bo 
| cure ſuch, and all. Miroirs Ne in ſome meaſure of a hetle 
Roughnels, therefore. ir + we have char dilute Image. ' And 
the reaſon. we, haye no wo my AER eADIES 5 $s a Spe- 
culum Gonbdered as 2, '> Sutface)”' xs from's 
Paper, as alſo the reaſon ber oY, Spearante in che ſecond fore- 
mentioned poſture of the Specuhinz, . does (o d on the 
| Dodtrineo Reflection or Catoptricks, that Tha LS itover 


in this place, it being manifeſt to any one meanly verſed" in 
| that Doctrine. Yid. Schol, Prop. 52. rk 1 Optic. " for: 


of Nigh Oipelis z Or Divegin Roy. 


We have hitherto onkliced the Rediating Dolan of Diftant 
Objects both Diref#. and Oblique, the Rays from; cach. ſingle 
Point whereof ' do proceed as it» were Parallel. I come now 
ro the. Conſideration of Nigh Objects or Drverging) Rays, and 
for-:thele Jer 'us look back.on eb, 6rb,, 70s Fth, gp 
gth Definitions. : 

When the Rays from each Point ofjan Objett run as ic | 
were Parallel, —— imagin thar.they may be ſooner cafe 
brought togerher,. chan. n: they: Diverge conſiderably, b by YO 
coming from a nigh Object .And that theretore a Convex G) 
unites the Parallel __ wigher to it elf, than Divergmg Rays. | 
Tab. 14. Fig. 3. ab, cd are Parallel Rays flowing from one 7:14.#i3- 
Point of a diſtant Obje&;) thele_ are united byrthe\Convex-Glaſs | 
bd in its Focus at f. -Letib g, dg. be Diverging. Rays flow- 
ing from the Point g, theſe, arequnited, in che Point k, . farther | 
from the Glaſs than the Point f. | | 

For we may conceive (to omit the farther Proof of this | 
by Geometrical Calculation), thar' che*Parallel Rays have nor | 
ſo great a Reluctaney to'be rough togtther as the Diverg- | 


1ng 


[4] 
ing IR pj therefore i Tei P&Wer of the Glaft Fas 
not ſo much to | do ro 4h «he; as to btitig theſ#- 
rms t 


| And con(e uently ic ſeine than the Latter; 
ar ſow a wr (pac — 7e from beliffd the 


age No 7 
Gl airing 4 te Ob 5 5p 


wars ni A T er io te 
4-4 t bis "ik Glafs, becodhhe 


Parallel © or Kays as I Tere =; in che faffowing Propo- 
fictions, | 
Definitions 


; The Focus ha the Parallel Rays of a Diſtant Object 
3 are united, I all die Feds, fimply withobc any Addition, 
i! ſometimes the Abſolute Focus, or ofa Focus. 
Wn | he Foctis wherein" the Ras froin a Nigh Qbjeet, ot the 
Il - Diverging Rays afe uflited, I call the Reſpettive Focis: 
| - | The fotchoing Ptetepts, which | have given for calculating 
{! the Pts reſs of 4 Ray rlirouph 4 Spherical Glaſs; . are abun- 
| ufficient tv the Point of Union of Rays/'frem 
il Nigh Objects, or of Diverging Rays; The Diſtinee of the 
1 Object or point bf Divergeticy fromche Glaſs (rogerher with the 


forepding Data) being giver. 1 ſhall gor therefore itilargt there- 
| | 6 tes rhereot 1 ſhall givetheſe loving Rules 
145 UK rs | - | 03... 


PkOE 


I: Conrvex:Gluſer, When 4 Nigh 0bjeet is Placed more Diſtane 
' than the Fes, The Rulle for Determiting the DiſtmEt Baſe, 
\ or Refpebfive Foc is This, 


| | 46 the Difference, between the Diſtance of the Objeft, and Flew : 
' 
| 


+ E Ty. the. Focus, or Focal Leng! 


4 " $0 the Diſtance of the 0 om the Glaſs : 
JF To the Di = Le * Jr Focus 0 Diſtant Bafe ſom 


- '"K Ef. the Glaj HF Demaon- 


[44] 


Drmanſtration- 
In Tab. 11. Fig. 2. es [ A 
whoſe abſolute Focus we 1s ou 


Convexity, Let s d be'this, Di 


f the Centre of the Conyexity, f. 4a 


vexity produced diredtly to,g., ae 


produced diretly to y. |Here we —_—_ 
#1018 4e4. 


84:2 56 2.86; #þ 


tion, or Incidence of the | 


Let it then be made— TEE 
I ſay k is the reſpeRtiye Focus © 
the Ray ae. 


Ler kl be made=3kd., if 


[ (hall .fult. , | that b 
virtue of the  Refachipn 
which the Ray ſuffers at ap 
trance on the Convex+Si 
Glaſs at e, 'ris directed 25 jf.it pro- 
ceeded ſtrait rowards l. 


For go rhe Oy pes 


Analogy in the 
Rk No ic ſhall = oh cnt avs, 


Semidiameters of 


Convexity, 
that is, to thrice f e. t- 


. The Angle of Refradtion,js.y ol; | 
if therefore.vxe. prove that ye {_ al | 
te.of> ce,. it| +, 
that bythe farlt| 


, 4 the rA 
_ 7 manit 
Refraction the Ray is dined: 


-wapds L. 1 


Here: lee. ye. ey TIES | 


a 


«4 1,4 


ie 


As © a fo ad dy 


_ 'Sf'':: 


| (G2 


[a 
In order to the Proof 
we ”_ down theſe Su 


. In the Triangle aelwe lup- 
equal; becauſe we 
by 


bt and Hd 
&4 Clo _— 


F likey 
7 
ry ſmall, uh 'S Sin&s arid 
gles rnay be proportional, 


L101) 1)y 


in the Figure. 


Wheretore, for the Demonſtra- 
tion of the forgoing Hoiniog, in} 
3h, ri | 


the Triangle ael it 


But the Angle a e | is the Com! 
plement of the Angle ye | to 180" 
{+ Angleſ” 
; ael 'a _ ro the Sine" VÞ} the 


oe: ba the 4th Step runs thus ws 
But in theſe ſmall Angles; as 


Therefore the Sine 


\the:Sines :are; :{o ate the 
\T herefore: the 
Then from 
Then in the > Trip 

+ cedent on this fide, 
the Conſequent on the other ( 
and it wil 


Angles: 


beo. JA. 


Moreover, in the 4 aef it waathg 


But the Sine of the 
is equal to the Sine of the 


le a 


3. 
al 5a, being Complements to 180”. 


cof, 


#- I 


Tho h 
-we \conld 'nor* expteſs this-eraly —PALf 


wi $% 


gth\ Rands thus 
3 = 6 it follows | 
the 'Ante-\ 
ſubcrip le 


6)" 


ALS, 


? 
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.. 
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Wherefore the 9 may ſtand thus!10@f:ef tt 5{qenti 34a 
Bur _ and Angles in' theſe]. - v1 SAP, 

ſmall Angles "being proportional,]| - | 

it follows from the 8th and 1 oth. | 

Steps, That | {44 z&Jel: £a:: £qea: 4a. 


Wherefore from the Analogy in the 1 1th, it is evident, that 
the Angle of Inclination or Incidence'q'es is thrice the Angle 
of Refraftion-ye 1; ſeeing three times the Angle yel, andthe 
Angle qe a, bear the ſame Proportion to the ſame Angle 4. 
And this was the firſt thing to be proved ; and'confe y.che 
Ray a e by its firſt RefraQtion”ar irs Point'of Incidence 'is di- 
rected towards the Point / 

It remains to be Demonſtrated ſecondly, that the Ray, at 
ts. Eruption on the plain ſide of the'Glals into Air, is refracted 
into ek, | YON WIC © £1910 

For the Proof of this draw r e m Parallel to the Axis. Now 
the Angle of Incidence from- Glafs to Air ſhall be mel, the 
Angle of Refraftion le k, which we ſhall prove to be half the 
Angle of Inclination,me1l;.or we, {hall praye that the Angle 
m e k is thrice the Angle of Refraction. | ek. Which being De- 

. monſtrated, 'cis certain the Ray is refrated into e k. | 

For the Demonſtration hereot we retain the. Series of our 
former ' Steps, andin the Tri-| .|.; . WEE 
. angle lek we have. ir, +, | {12 le=1d; lk::5.4ekl:5 4 Lek 

Bur s.Lekl isequaltos.4ekf | 25:0 | 
being Complements to 180..| | 
Therefoge- the: 1 2th, Analogy]; |... . 
may ſtand thus 3d: tk: sLekf: s4lek 
And the Angle ek f is=< mek {) off 
Wherefore 14g: lk::.s4mek: $4lek 


Now the Angles Vas the'Sines; arid'{k being by Con- 
ſtcuftion the third Parr of 14, "it follows*from'the'1 4th = 
? c 


-—— a 
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that the Angle le & is therhird Parr of the Angle wek. Where- 
fore the Angle [ek is the Angle of Refradtian agreeable to the 
Angle of Inclination mel. Which anas to be Demonſtrated. 


Example of this Rule. 


Gf this Rule [ſhall give this ſhort Example. Ler,the Fo- 
cusof:a Glaſs be 48 Inches; the Diſtance of ;the Qbje&t 156, 
their:Difference-is 108. Then 408: 48 :: 156 .: 69'= t0 
the reſpective Focus. | 

By this 'Rulc we may wiew very .nigh (Objc&ts' with ,logg 
Teleſcopes, converting them as it were:inro Microſcopes, gn- 
ly by lengrthning them. Bur. of this mare. hereafter. 

Alſo from 'hence i|.ſhall.deduce ,a,Maxhod gf, meaſuring. di- 
ſtances at one Station: but hereof alſo more hereafter, 


P.aoe. VL 


An "Objeft being placed *m-the_ Focus of a ConvexiGlaſs, the Rays 
From each Point thereof, dfter pajſmg the Glgfs become Paralle!; 

T#. 14. Tah 14.'F, 4. ABC 6 an'Objett -placed-in the:Focus of -the 
7 + -Gla R'S. he Rays from cach'Poinr-oFthis Object flow upon 
the Glaſs, -as here we have expreſſed -thoke from-the'Poincs 

ABC; 'I Tay the Rays fromreach of theſe Points or pai 
the Glaſs become Parallel, thoſe from 'Abang a-aa, 'fro1 3 
S$bb, from C ccc. For let ugimagine adiſtane'Objett cofend 
its Parallel Ray, a a4 from its upper'Point, - b 6b-frem its-mid- 
We'Point, cccfrom its lower Point : Theſe (by what forogoes) 
ſhall be formed by the Glaſs incothe diſtin&t Baſe #*B C. 'Ler 
-us now-conceive This diftia&t Baſe, ABC, to'be made the 
Qbject ; and che.Calc.is maſt .plain,..chat. ies, Rays nauſtnecds 
be: reraured. back; again: an the TS ot 

| ceive 


[47] 
ceived. from the diſtant Obje&t on the ſide abc, that is, Pa- 
rallel. For the Progreſs of a Ray & reciprocal. per Exp. 8. 
Vid. "_ XXVIL 
Pxoe. VIL 


If an ObjeFt be placed nigher a Convex-Glaſs than its Focus, the Rays 
from tach ſingle Point thereof after they have paſſed the Glaſs, do 
proceed onwards diverginy ; 'Bat do not diverge ſo much as before 
they entred the Glaſs. 

For if it be as triuch as the Glaſs can do, by irs* refractive 
Powet to reduce to 4 Paralletiſim the diverging Rays from an 
Object placed in its Focus; it muſt needs be more than it can 
do, to reduce to a Paralleliſm the Divergency of the Rays, 
from an Object placed nigher to it than its Focus; The Di- 
ce it this latter Poſture being much greater than in 
the fotrhe&r, and conſequently not ſo eafily reduced by the- 


Corivex-Glaſs in whoſe Forms at 2 there is a rachating Point, © 
from which proceed the Rays acf, adm, which meeting 
with the Glaf, inſtead of otrwards to f and m, are re- 


ac, ad, Whetdforebc, bd, inftead of proceeding directly 0n- 
wards tor and n, are reduced to cy, 41; Burr 2 and dl do yer. 
diverge, bur tor fo much asbe, bd. 


Defmition, 
Trnaginary Focus. 
tn the fame Figute , draw &T 1d, diretly to Croſs m x; 


I call x the Imaginqry I ; 1 dr bderrmine by the follow- 
tr Propolition. Pzxoe.. 


rg ny toc hb, dk, Parallel to each other. 6 is another: 
Poine nigher the Glaſs than its Focus a, we may 
plainly perceive the Rays b c, b d, diverge more than the Rays. 


refractive Power of the Glak, In Tab. by. Fig. 1. cd is fuk os 
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Paxoe; Vill 


In Convex-Glaſſes when an ObjeFt is placed nigher the Glaſs than the 
Focus, the Rule for finding the Imaginary Focus is this, 


As the Difference between the Diſtance of the Obje&t from 
Glaſs, and the Glaſſes Focus : 
Is to the Glaſſes Focus :: 
So the diſtance of the Object from the Glaſs : 


To the Diſtance of the Imagmary Focus from the Glaſs. 


Demonſtration. 


In Tab. 15. F. 2. Let edbe a Po Comer: Glaſs, whoſe 
abſolute Focus is a Diameter of the Convexity, let s d be this 
Diameter; 4 is a radiating Point, f the Center of the Conyexity 
Fel =f4) the Radius "pb eat nar produced to g, ae a 
Ray fling on the Gla CMC directly to i. 

We here ſuppoſe the Thickneſs of oo Glaſs tobe inconſi- 
derable; and 4 thac the Breadth of the Glaſs is fo little, 
_ that the Angles of Incidence ſhall be ſo ſmall, thar Sines and 
" Angles may be proportional. | 

Ls be made according to the Rule, as: 5d:: ad: dk. 
I fay kd is the Diſtance of the Imaginary Focus of this Ray ae, 
het it has paſſed the Glaſs: Thar is, it ſhall be refracted, and 
_ proceed onwards in eh, as if it came rectly from the Point 
k, keh being a ſtraic Line. 

Let kl be made =4 kd. I ſhall firſt Demonſtrate, that 
by virtue of the firſt Refraftion the Ray ſuffers at its En- 
trance on the Convex-Side of the Glaſs at e, 'tis refrated fo as 
if it proceeded dire&ly from 1, that is to ſay, 'tis refrated 
into eg, le g being a Right Line. 


7 


'Tis 
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Tis firſt manifeſt, | that the An 


therefore we prove, that the Angle 


of Incidence is qe 4; if 
Refrattion ieg=lea is + 


of qe a, we ſhew hereby, that by the firſt Refraction, che 
Ray is broken as if ic proceeded direaly trom |. 


That we may prove.this, add to 


forelaid Analogy their Halfs, — — 
And it ſhall he= — = — = 
Invercing, and Dividing this Se- 
Thar is by the Scheme — — 
Moreover in the Triangle aef itis 
But 5 £feais=5 £ gea being Com- 
lements. to 180% - —— 
And in thele ſmall Angles, Sines 
and Angles being proportional, 
gs ff © RIG 
Subtriple the Antecedent on this 


ide, and triple the Conſequent| 
TOME ae i obo chemo | $;qeateafiiaf: 3ef =5f 


Then from the 4th and 8th Steps it 
follows — — — 
Moreover in the Tring. ela its 
Burs41 ae = 5 £ e af bring Com- 
lementstf0 180? —. —.—— 
And Signs and Angles being pro- 
rtional —— 


From the 12th and gth Steps 'tis 


I ——_ 
——_— 


| 


manifeR that 


Conſcquents of the | 
les: sd:: ad; dk 
245:5f::ad:dl 


sf—as:5sf:dl—ad:dl 
— al : dl 


gaf:ef::idfea:s Leaf 
| | X 
6af:ef:5sLqea:s Leaf 


74qea: Leaf:: af: ef 


| 


9;qea:eaf::al: dl 
Lolelemlf=it leq: fie 
iinla:ld::s4lea:s Leaf 
is lh 


131: qea:eaf::lea:eaf 


Wherefore from the 1 3th Step 'tis evident that * qe is e- 


qual to le a, they having the ſame Proportion to the ſame 


Angle e af, 


gags Which 
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Which was the firſt 'thinp to- be proved : and conſequent! 
'tis manifeſt that the Ne e, byts firſt RefraQtion. at iv 
Incidence'on e, is refrafted into e g,. as-if it came directly from 
I, 1 eg being a Right Line. ' 9301G "1 | 

It remains to be Demonſtrated. ſecondly; that the Ray upon 
its Eruption on Kt fide'of the Glaſs into Air is refracted into 
eb, as if ir proceeded directlyfrom k, k eb being a Right Line. 

Draw mer Parallel to the Axislf,, Now the Angle of In- 
' cidence from Glaſs to'Air s ger=mel=ela.— Fhe An- 

le of Refraftion is geh=lek; which'I ſhall prove to be 

If che Angle of Inchnation me 1; Or ſhall prove that the te- 
fracted Angle mek=—7 eb is thrice the Angle of Refraction le k. 

Which being Demonſtrated, tis certain the Ray is refracted 
into eh, as if it came direly from k, and conſequently & is 
the Imaginary Focus of the Ray @e. Bur-this we ſhall thus 
Demonſtrate. 

In the Triangle [ek ———hale=(d:lk:s{lke:5Llek 
But 54 Ike=$ £e kf being Cont- 
plements co 1807, 

But Ze kf=4 me k therefore, the: 
' Th BEARING 4 web lek 


And by Conſtruction [d was pur equal to 3 [k, therefore from 
this 6th ſtep 'ris manifeſt, that the Angle m | is equal ro Thrice 
the Angle le k, Which was to. be Demonſtrated. 


AM 


1 d:lk::sLekf: 54lek 


Corollary. 
| Concerning Convex-Glaſſes expoſed to Converging Rays. 


Hitherto we have ſpoken of Convex-Glaſſes. expoſed either 
to Parallel or to. Drverging Rays. Let us now conſider their 


T+5. F.2. Property expoſed to Converging Rays. Tab. 15. Fig. 2. Lethe 


be a Ray of Light falling on the Conyex-Glaſs e d, and con- 
verging. 
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ing direly towards the poinek41d & the diſtance of this 
Pore of Convergence from a Glaks and 3'd the Focal lengrh 
of the Glaſs being given, 'tis required ro find 4 s,” the diſtance 
at which chis Ray converges after the Glafs. 

We know thar the: Progreſs of a Ray is reciprocal ( by Exp. 8.) 
and therefore, that'it the Ray ae be refrated imtoeb, the Ray 
he ſhalt be refrafted into ea. 7 
Whereforeit being by Prop. VIII — ds —da=43:4d: ad: dk 
Alternating we have it—_ » . 5d; dk:i:ds daiad 
And Compounding — — — — — 5d + dk: dk::ds: ad 

From which laft Analogy this Rule ariſes, for ſolving the 
Problem in the Corallary. 


As the Sum of the Focal Length of the Glaſs and the diſtance at 
which the ſtrait Ray converges direftly — — id $4-dk : 

To the faid Diſtance at which the ftrait Ray converges d k:: 

So the Focal Length of the Glaſs — —ds : 

To the Diſtance at which the refrafted Ray converges — — ad: 


Obſervation. 


Dechales in his firſt Book- of Diopttitks, Prop. 48. gives a 
Rule for ſolving this 8th Propoſition : / But therein be is the 
moſt egregiouſly miſtaken as ever Man was, chat pretended to 
Demonſtration, ' and commits the moſt. hotorious Error that 
can be imagined. And yet herein he wants nor his Followers, 
for Zabn in his Teleſcopium Fundam. 2. Syntag. 1. Cap. 4. Prop. 1.3 
cranſcribes Dechales, and copies our even his Eats Thpogf bis 
beſides the chic and vreae Error the whole Solution. Which 
ſhews that Zahn was either vety caiclels, or elſe that he nndet- 
ſtood nothing of the Matrer, as indeed he'leerns to'do very lit- 
tle, for he is a mere blind 'Tranſgiber from others. 5c 


H 2 Dechales 


« 
C— —  —— — 
= 
a 


Tab. 15. 
Fog. 2. 


Fig. 1. 


By my Rule 


[ 52 ] 

Dechales Rule in his fore-ciced Propoſition is this, As the Sum 
of the Diſtance of the Objeft from the Giaſs, and half the Glaſs's, 
Focus: Is to the Glaſs's Focus : : fo the Diſtance of the Objeft from 
the Glaſs : to the Diſtance of the Þnaginary Focus beyond the Diſtance of 
as oy That 15, in 7ab. 15. F.t. af : 5d: : ad: ak, Bur 

w talſe this.js, ſhall appear bi only from his miſtaking one 
Aogle for another i in his Demonſtration, but from the follow- 
ing Examples, which I have taken the pains to calculate for 
a more Confutation of Dechales, and Illuſtration of my 
own Rule, 

1. Example, 
Inch. 
Plan.-Conv. Gl. Foc. 144,00 =s d= y/ 
Rad. of the Convexit. 72,00=e f= 
Given in T. 15. F.z. Diſtance of the Object —_—_— az 
« Breadth of the Glaſs. 1,00=e x 


dl= 10800=dk+kl 


a [= G6coo =dl da 


=10560 


Woe 5280 


en led bobs 


Let us now % by TIRED, which of theſe is the 


13. Truth. Tab. 15 
In the Ri Wa ge Te le ef > we have che Sides e f 
and ez, Ede ef x=0" 47 40” and irs Com- 


plement to go" rp '- 12' 20, 
Then in the Right-ang Hed Trianglee's z, we have az, and 


ex to find the Angles and Side'ae. 


Thus 


[53 ] 


Thus Leag= 1 11' 40” 
Laexz= ' 8 48 20 
' 4e=4801 2 9c 
Then dex +f ex=acrf= Ss — £178 O 40 ; 
—ragnis pd 180 =qea=lncl.=1 159/20; 14 
Then as 3 : 1 :5£qea:5 £ieg=lea= of 39/ 50"Ang. of Ref. 
Moreover, eal=180—canz=t_c 158 48 20 
And ela=180—eal—lea=mel=ger=o 31 50 
Then in'the Triangle eal, we haverwo Angles, lea and 
ela, and the Side ae, to findthe Side 4]. Thus, 
As 5 Zela=o" q1' 50" Lig.C. 4r. 20333979726 


To aez4$80t—_--——3.6813317060 
So5sLlea=0o' 39 59 '> — — —8.0639630497 
'To al = GOOW wo —— wn = == 3-77 86927283 


which is ſufficiently ACnPRS, © to my 41= boogo, but differs 


vaſtly from Dechales al= 1 1 
I now proceed to find the F d k, which by my Rule is 
72Co, bur by Dechales is 10560.” 


£ qgemumgee-4:rgums: 59 20" +88" 48 20' =90' 47. 40" 


4 mel=ale=ger= + wb 5 LiZbd b- — —0 31 50, 
This is che Angle of Inclination or Incidence from Glaſs ro Air, 
on the plane fide of the Glaſs. 

Then, As2': 3* PORE: PL nk 5 Ahermimek 
Fe oy ge 47 409. Sup | 

And kez=go=tkd=89g" vn _— I 

Then in the Triangle kex, ail the Angles, Oh the Side: 
e2 are given, to find'& d or kx (we. luppgling the Thickneſs. 
of the Glaſs inconſidefabley. Thus - © \ £ 


Rad. ms pe m—_—_—_—_— WW rs _—_—_—_ 
To ez=1960 Log. 2.0000000000 
So Tang. £ kez=89* r2' zo" * 1185803 12668. 
To kd=7208  \ + * 3.8580312668 


> | Which 


<onſi 
ſup 
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Which k d anſwers ſufficiently exa& to what my Rule 
gives-it 7260, the Eight Pans\coming in for the Thickneſs 
of the Glaſs, and the”Angles not being calculated more ac- 
curately thanrto to' Seconds Numere retundo, Burt this is much 
different from -what Dechales Rule gives'it 10560. 


4 + 


oy > Example, __. 


Glaſs's Focus = 14400=5d=2 ef 
ofcheConv. = 7200=ef= f d 

Dilſt.of che O'jet= 5$763=ad=aXz 

:Bread. ot the Glaſs = 100 =e 2; 


Givenin Tab, 15. F. 2. 


A - r . 4 
£ 


_ dk=' 9608 
k I = 4808 
By my Aulcy 11 11d kk7 
; al = $344=d4l—ad 
dk=32165 | 


By Dechales, 48 Prop. = 18247 =dk+k1 


_(al=12484=dl—a d 


The Thickneb of the Glaſs 2d is but ;:5 and therefore in- 

e, it being che Verſed Sine of the Angle ef x, We 
le ore kd and kx equal. »., -. . 

Fhen by Calculation, ex: Datis, we knd as follows, 


B. ef x=) ; y 43. 40. 

#|f ex=:'$9 14 20 

_. 310 44=-- 0-59 40 | 

22002-02| Jetz= By oo. 20 

| | 5146: =25764 - 11 

| TR acf= 178 .12.40 ,_ 

1Y | | 7 qea 
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| plqeaz 1 47 20"=lInclination 

8/le a= 0 45- 40 =Refraction 

gle al= 179 © .20 

ww idefa= © ye Ng9 x23 Suk 1 
tx 41 pe be th | \ RY | 


na 


Which a |= 85 66 is but 17 more Fg my Rule p gives it, 
which (conlt the Inaccuracy of the Calculation of the 
Angles, wb - Numero'rotwid# to about 16” - Sdcotids): 
proves m e ſufficiently tree, and: Thews- Dechales'as falſe, 
which aka! a l=12484. 

Moreover, By my Rule tk s=9608, and by Dechales - 
12165. The Angles requiſite to find 4k we have thus, 


Hex=ge" 4740 

21q em= O'47 40 . | 
Before found--| 3|a le = o 24 o=yger=mel=lnclins 
4mek= o 36 = er=ekd. 
'5kez=89 24-0 

6kd =kz=9550., .,. 


Which kd=9550 is but 58 leſs than my Rule gives it; 
and this ſmall Diſcr may eahily ariſe from the Error of 
10” Seconds in the Cal ion of he _— Bur Dechales - 
gives it 12165. 

| have choſen a Plano-Convex Glaſs to demonſtrate this. 
Rule, which holds as true in double Convexe;, ay wat" in-. 
them be more difficult 2nd iptricate to 


absfl = Pzo0-*. IX. 


In double Convex-Glaſſes of equal or unequal Convexities, the 
Rays proceeding from the Diſtance of a Diameter of one Con- 
vexity, are united at the Diſtance of a Diameter of t'other 

Convexity. + © SY: 


T15. F.3- +In.Tab. 15. Fi . J- Let us conceive the Glaſs.a b divided by 


the Pointed Right. Line, 4. b into two Plano-Convex Glaſſes 
ach andadb. Let the Point k be diſtant from the Glaſs ac b 
che Diameterof che Convexity a c b. By what foregoes, Prop.1l. 
The Rays ka, ke, kc kp, &c. {hall be (cnt parallel chrough 
the Glas acb, ſothat they ſhall becomees, cd, pg. Then 
falling Parallel on the Plano-Convex Glals 'a d b, they are unic- 
ed thereby in f, at the diſtance of its Diameter : By the fore- 
going :Doctrine. Prop. Il. : 


of | Concque-Glaſſes.. | 


Hitherto we have treated of Spherical Convex Glaſſes only. 


We now proceed to the Conſideration of Concave-Glaſſes. 


Definition.” 
Vertual Focus, or Point of Diyergence. 


iS ths Ta is. Fig. 5. abciisa Plano-Concave Glaſs, whoſe 


Axis is de, fg 8 a Ray falling chereon,- llel. ro the Axis 
de, d is the Centre of the Arch abc. This Ray after ir has 
paſſed the Glaſs at its Emerſion atg, inſtead of proceeding di- 
rely to h, is refrated from the Perpendicular dg, = be- 


comes gk. Draw gk direRly to crols the Axis ine. I call 
the Point e the Virtual Focus, or Point of Divergence. 
Concerning 
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Concerning Concaves, there is little to be ſaid after our 
foregoing Method for Calculating the Progreſs of a Ray fall- 
ing on a Spherical Convex ; for this may eafily be accommo- 
dated- to Concaves. 

[ ſhall therefore ſlightly paſs theſe over, and ſhall only lay 
down their |Properties in brief, with their uſual Demonſtra- 
tions, referring ro Calculation for a more accurate Scrutiny. 


PROM 


A Ray falling parallel to the Axis from Air, on the Concave 
Sur face of a Glaſs Medium, has its Virtual Focus by its firſt 
Refrattion at the Diſtance of a; Diameter and half of the 


Concavity, 


Tab. 15. Fig. 4. a bk is a Glals Medium terminated by T15.F.4. 


the Concave Surface ab, de a Ray of Light falling parallel 
to the Axis gex. Ifaythe Ray de, by'its Refraction at the 
Point of Incidence e, is lo retrafted into e þ, as it it proceeded 
directly from g the diſtance of a Diameter and halt of the Con- 
vexity. 

"p-4 c be the Centre of the Concave-Arch a eb, draw cedi- 
rectly to i, produce de directly ro f, and he. diretly to 2. 
The Angleced=fei is the Angle of Inclination, the Perpen- 
dicular 1s ei, By what foregoes, the Ray paſling from Air: 
a Rare Medium into Glaſs a Denſe Medium, is retracted to- 
wards the Perpendicular by the Angle f e þ, which mult be. : 
of the Inclination fe i. Therefore fe b=deg=eg c is half 
hei=gec. Wherefore in the Triangle ce g, the Angle ceg 
being double the Angle e g c, the Side c g that ſubtendsceg, 
ſhall be double the fade ce that fubrends eg c. For we luppole 
thele Angles to be fo (mall, that Sines and Angles, or Sides 
and Angie are proportional, Which was to be Demonſtrated. 

[ PxOP.. 


CW ITE... © 
- 4 by >4. CTY bk $1 


T1. F.5- 


T.16. F.1.._ 
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- Pxoe. XL. 


In Plano- Concave Glaſſes, when the Rays fall parallel to the Axis, 
the Point of Divergence or Virtual Focus is diſtant from the 


Glaſs the Diameter of the Concavity. 


Tab. 15. Fig. 5. abc is a Plano-Convex Glaſs, whoſe Ax- 
is ed, fg is a Ray of Light my on this Glaſs parallel to 
ics Axis. This Ray after it has paſſed the Glals at g, is fo re- 
frated into gk, r os 2 k being produced directly backwards, 
it ſhall interie& the Axis in e, lo that eb ſhall be the Dia- 
meter of the Cavity ab c. 

Firſt, Let the plain Side be turned towards the Object, as 
in Tab, 15. Fig. 5. Becaule the as falls perpendicular on the 
plain Superfices, it isnot at all retracted ar its Immerſion into 
the Glaſs. Bur at g it emerges from the Concave Side of the 
Glaſs into Air; undies Inclination is g d b (4d being the Centre 
of the Cavity a bc) and 'tis now retracted from the Perpen- 
dicular dg, by the Angle bg k, which is halt che Inclination 
£ db. But hgk is cqual to f ge=ged. Wherefore in the 
Triangle g de, the Angle g ed is halt the Angle g de, and 
therefore A Side g d is halt the Side ge=eb in Glaſſes of 
large Spheres. | 
Secondly, Tab. 16. Fig. 1. Let the Concave Side ec be 
turned to the Ray de. By the firſt Refraction the Ray ſut- 
fers at its Immertion into Glaſs at e, 'tis refracted from eto f, 
and direfted to the Point k, fo that ck is thrice the Semidi- 
ameter nc (by the Xth hereof). Through the Point f 
draw i h perpendicular to the plain Side of the Glals, and con- 
tinue ef diretly to 1, The Angle of Inclination of the Ra 
within the Glaſs is b f e=if l=dek = ekc. Now the 


Ray emerging from Glaſs ro Air, the ſecond retracted Ray 


ought 
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ought to recede from the Perpendicular i f, ſo that the Angle 

' 2 f 4. muſt be thrice the Angle gf 1, Produce  f directly 
ro m. Then gf i ſhall be equal to fmc. Wherefore 
in the Triangle k f m; As the Sine of the Angle kmf, or 
the Sine of the Angle f mc : To the Sine of the Angle fkm:: 
So f k : Tofm, and (negleRing the Thickneſs of the Glaſs) 
So is kc: Tome. And Angles and Sines being proportional, 
k c ſhall be ome as3 toz; bur k c is Thrice the Semidia- 
meter, therefore mc is the Diameter. Which was to be De- 
monſtrated. | 


Corollary. 


In Plano-Concave Glaſſes, as 300. 193 = 107 : 193 2! 
So the Radius of the Concaviry : To the Diſtance of the 
Virtual Focus. 

Demonſtration. 


Tab.15. F. 5. The Inclination is bg d=g dbefg 3=193.71;. Þ.5 
Refracted Angle is3ge=kg d=3 00, 
Ang, of Retr. kgh=kgd—hgd= 300 193 = 107 =fge=ged. 
In the Triang, gde. AssZged : To 54gde :: So Rad. =gd: To ge. 
y 4 RE —— 107 : 193 :: gd : ge=eb in 
Glaſſes of large Spheres and ſmall Segments. 


Pxoe. XIL 


In Double Concaves of equal Cavities, Parallel Rays bave their 
Virtual, Focus, or Point of Divergence at the Diſtance of the 
Radius of the Concavity. 


Tab. 16. F.2. ab is a Concave of equal Cavities, that is, Tb. 16. 

m c the Radius of the Cavity e c, is equal ro g n the Radius He OP 
of the Cavity ni. Let the Ray de fall thereon paral- 
lel to the Axis kc. This Ray, after it has ſuffered a 

I 2 double | 
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double Refration, ſhall proceed in ih, as if it came directly 
from m, the Centre of (3 Cavity. 

Let-c k be made three times cm, draw ke. By the firſt 
Refraction the Ray is propagated into e4, as if it proceeded 
from k (by Prop. X.). From the Centre g draw the Perpen- 
dicular gi f. . The Angle of Inclination of the Ray within 
the Glal is eif=lig. The Ray muſt therefore at its Egrels 
at 5 be refracted, {o that the Angle of Refraftion hi [=ki m 
muſt be half the Inclination [i g. Wherefore in the Triangle 
kig, As the Sine of the Angle k ig, or of the Complement 
to 180” viz, lig : To the Sine of the Angle at g : : Sokg 
=4 : Toik ornk=3z. And asthe Sines, fo are theAngles, 
ſceing they are ſuppoſed very acuce: Therefore, As 4 : To 3 : : 
So Zlig : Tothe Zg : Add hil=2 tolig=4, we have 
hig=6. Wherefore £ hig : Is to the Angle g :: As 6 : 
To; :: or 2: To 1. But the Sine of the Angle hig is 
equal to the Sine of the Angle gim; and couſcquently in the 
Triangle gi m, As Sine of the Angle g i m : To the Siae of | 
the Angle g :: So gm : To im. Therefore gm : Is to 
im :: As 2 : To 4. So that neglefting the Thickneſs of 
the Glaſs, mi may be taken for Radius of the Cavity, 
and g m is double therero. Wherefore 'tis Demonſtrated, that 
m is the Virtual Focus. Which was to be Demonſtrated. 


PxoOoe. XII. 


Tn double Concaves of equal or unequal Concavities, the Virtual 
Focus or Point of Divergence of the Parallel Rays is deter- 
mined by this Rule : 


As the Sum of the Radii of both Concavities : 
- Js to-the Radius of either Concavity : : 
So the Double Radius of t'other Concavity : 
To the Diſtance of the Virtual Focus. Tab. 
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Tab. 16. Fig. 3. f c is the Radius of the Concavity ec, make 715. rx 


k c thrice fc, lo is the Radius of the Cavity 0i; let | m be 
pu equal to lo, and mn be put=1 m, thatis, on ſhall then 
ual to thrice 0 (, 

I lay the Ray de, after a double Refraftion, ſhall pro- 
ceed in i b, as if it came directly from g, and: that-it ſhall 
be, As } I the Aggregate of the Semidiamerers (neglefting the 
Thicknels of the Glals) : To f c the Radius of one Conca- 
vity :: So om the Diameter of rother Concavity : To 2 c the 
Diſtance of the Point of Divergence. 

By the firſt Refraftion the Ray proceeds in ei, as if it 
came directly from k, k ei p being a Right Line (Prop. X.). 

Then the' Iaclination within the Glals is qie=pil. And 
the ſecand Angle of RefraCtion is pi h=g #k, which is to be 
half che Angle of Inclination p i 1. 

V herefore Sines and Angles being proportional, and the 
Thickneſs of the Glaſs negle&ted, we thus proceed in the De- 


monſtration. . 
In the Triang. g ik we| 
have it = — = = — gik=bip:gki::khg: gi=gc 


Double the Antecedenr 
on this ſide, and halve the 
Conſequent on tother 

Dividing the Second. 


" 


2g ik=pil : ikl:: kg: 3gc 
pil—itRI(=iIk 32. 1 Eucl,) : 
ikl :: gk—toc:igc 
Then in the Trian. k1i-| 4# {k :ikl :: ki=ketil=lo 
\ From the - Third and 
Fourth it follows —.— —-| 5c : ol :: kg—+gct igc 
Compounding the Fifth] 6k c+0ol=kl : ol :: kg : + gc 
Doublethe Conſequents]| 71: 2 0 k=om=ln::kg : gc 
Compound. the Seventh] 8{k{-+[n= kn: om :: kg +gc=ke : ge 
Alternate the Eighth — n:Kketi;omigec 
But k"is equalto 3 f |, 


mo 


that 
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that is, thrice the Aggregate of | 
the Semidiameters f c and { o. Allo 
k c is equal to thrice the Semidia- 
meter {c : and as the Triples are, 
ſo are their Thirds. Wherefore 


from the gth. Step it follows — |1of: fc::om: gc. 
| ch was to be Demonit. 


Example. 


Let fc be = 8 Feet or 96 Inches 

lo= 10 Feet, or 120 Inches. 

Then f | ſhall be = to 216 Inches. 

Say then fl=216: fc=96:: 240=2 10: 107=gc. 
Or thus, fl=216: lo=120 :: 192=2 fc: 107 =g c. 


Corollary. 
It follows from the four laſt m_—_— that ſuppoſing a 


Ray falling on a Concave Glaſs, and tending rowards the vir- 
rual Focus, after it has paſſed the Glals, it ſhall proceed Parallel 
to the Axis. Becaule the Progreſs of Light through Glaſſes is 
reciprocal, Yid. Prop. VI. 


"I 


It is before Demonſtrated in Prop. IV. that the Focus or-Poinc 
of Convergence of a Convex-Glajs, for the Parallel Rays that 
tall obliquely thereon is at the ſame Diſtance, as the Focus of the 
dire Parallel Rays. The ſame may be Demonſtrated concern- 
ing the Virtual Focus or Point of Divergence in Concave Glaſ- 


Tab. 16, es; Þut "tis ſufficient only to illuſtrate chis Matter by Tab. 16. 
42-4 Fig. 4 Let us imagine the uppermoſt Point of a diſtanc 


Object 


A— 


__—e____ _Kſ Oro 
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Object toſend the Parallel Rays g a,g bg c,on the Concave-Glaſs 
abc, and its middle Point to fend the Rays ha, bb, hc; and 
the lowermoſt Point to ſend the Rays i a, i }. ic. Here are there- 
fore three Radious Cones, having their Vertices in their reſpe- 
Etive Points of the Obje&t, and their Baſes on the Surface of 
the Concave-Glaſs: the Axes of theſe Cones, are 2 db k, 
h ebl, if bm: Theſe, by what for reliminary co the 
Prop. IV. may be conceived to pals, the Glaſs as it were un- 
refrated. Bur the other Rays of each Cone are retracted, that 
is, ais ſorefracted at a-into ak, as if it proceeded directly from 
d the Virtual Focus or Point of Divergence for this oblique 

Cone. And lo gc is refracted at c into ck, as if ir 

directly from d. And in like manner þ a, bb, hc, are refract- 

ed into al, bl,cl, as if they came frome. And the Rays i a, 

ib, ic, are propagated in a m, b m, cm, as it they proceeded di- 

rely from f. So that def is the Virtual Focus of the Glals ex- 

poſed to the Object, that ſends theſe dire and oblique Cones |. 


of Rays. | 
Converging Rays. 


The Properties of Concaves expoſed to Converging Rays are 
ſhewn in theſe rwo next following Propoſitions. 


Px op. XIV. 


In Concave Glaſſes, if the Point to-which the incident Ray conver- 
ges, be diſtant from the Glaſs farther than the Virtual Focus of 
Parallel Rays, tht Rule for finding the Virtual Focus of this Ray, 
is this : - ' 

As the difference between the diſtance of this Point from the 
Glaſs, and the diſtance of the Virtual Focus from the Glaſs : 

Is to the diſtance of the Virtual Focus : : 

$0 the diſtance of this Point of ng from the Glaſs : 


To the diſtance of the Virtual Focus of this Converging Ray. 
| Tab. 


0 -_—— ”oWn_— - —— w—_ —— 


a. A. ce 


T.17;F.1. 
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Tab. 17. Fig. 1. abs a Plano Concave Glaſs, d the Centre 
of the Concavity, d ao a right Line, cf the length of the Vic- 


tual Focus, which ( by what foregoes, Prop. XI.) is equal to 


2 ad or 2dc; fo thatrfdisequaltoz dc or 3 ad. Letnabea 
Ray of Light converging directly cowards the Point g. It ic be 
made according to the Rule in the Propolition, gf: fc:: gc: ch. 
Then þ ſhall be rhe Virtual Focus of the Ray n a, that is the 
Ray na afcer the double Retraction it receives by the Glaſs ſhall 
proceed onwards in am, as if it came directly from bh, m ah be- 
ing a Right Line. 

The Proof hereof is after the ſame manner with the Prop. V. 
beforegoing; and we ſuppole (as in that) the Thicknels of the 
Glaſs to be nothing in Compariſon to the Focal Length ; and 
likewiſe that the Angles of Incidence are fo ſmall, tha they are 
as the Sines; alſo that the Breadth of the Glaſs is (o little, har ic 
makes the Angles agc, adc, abc, apc, &c. very (mall and 
Proportionable to their Sines, * 


Demonſtration. 


Let p h be made half þc, and conſequently the third Part of 
pc. I fay by virtue of the firſt Refraction which the Ray 
ſuffers at its entrance into Glaſs ar a, 'tis refracted into a k, as 
if it proceeded dire&tly from p, p a & being a Right Line. 

To prove this we mult oblerve chat the Angle of Inclinati- 


' on or Incidence is nad=04g. lt therefore it be- proved, that 


the Angle of Refration g ak=napis 4 of the Angle nad, our 
firſt Polition will be manifeſt, viz, That the Ray by the firſt 
Refraction is bent into a k. 


Firſt 


Tab .17.pag 64 


Ro m__———_P 
: : 
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\ Firſt thereforeit is by Poſition} x Go cf4;ch 
Add to the —__ hem ws s- 
Halfs — — — — — — = — le f:fd:rcg: cop=pa 
Compounding the ſecond —| 3g fo+-fd=g d: fd: cg +cp 
=2Þ: þa 
Allo in the Triangiog 44 — 424": ag 4b : 444d4g = 
i | $424d:; SEG 
And Sines and Angles being] | 
proportional, it follows from] 
the AED ooo on bh em nm meme wee 5|inad: Lo: gd: Saas | 
kin tollows trom che3h, | | 
and 3d. — — — —— — — —-| 6tn4d: ls: : 4; pa 
REPS dar 14s 7\g p: d4SERI EP BL nap: 
| $4 | 
And Sines and Angles being G . | 
proportional & — — — — — $9p:pa:: : Znap: Lo. 1 
an 


Fromthe 6*and. BY ix dollovet ginad:4g:: whe 'L og. 


From, which gth Step 'tis. manifeſt that che. uſt ſt. Avgic:gf 
Refraction, 1p, is equal to 4 of the. firſt Angle of; lacidenee 
nad, Which was fiſt required to be 

We are ſecondly to Demonſtrate, that by-vixtue, of he ſe- 
cond Refraftion the Ray receives on the plane) lide of zhe Glabs 
at its Egreſs into Air, 'tis refra&ted into m a, as if it came direct- 
ly from bh. Draw ial Parallel.jo'the Axis bg, and Perpen- 
dicular to the plane fide of the Glaſs ; The Angle of Incidence 
is lak=iap; the ” of Refraction is-m. k=bap; m re- 
fracted Angle m a{=h at, 

We are therefore to prove, that the refrated Angle wy bt is 
equal co triple the Angle of Refraftion m «ki 1,5 {1.7 +4; 

In the Triangle þ ws we have this Analogy þ a=}pc: p ba: 

s £ahp= s£abc = 5 Zhai = 54 mal: s hap t= rm k. 
Bur'pc is thrice ph, therefore (Sines ox tvgla:ihky SOPEs, 
D 


1 
, 1% 
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onal) the Angle m « | is thrice-the Angle: m 4k.” Which war to 
be Demonſtrated. | 


Pxoere. XV. 


Tab. 13. In Concave Glaſſes a b (T. 17. F. 2.) if the Point d to which the 
Fig. 2. Incident Ray Ca converges, be nigher to the Glaſs than the Virtual 


Focus of Parallel Rays i ; the Rule to find where it croſſes the Axis 
« h, is this, 


£ the Exceſs of the Virtual Focus more than this Point of 
Convergency id : 

To the Virtual Focus i e: + 

So the diſtance of this Point of Convergency from the Glaſs d e: 

To the diſtance of the Point where this Ray croſſes the Axis h e. 


- In the forementioned Figure ab is a Plano-Concave Glaſs, 
# the Center of the Cavity i e the Length of the Virtual Focus 
of Parallel'Rays, which we know is a Diameter of the Cavi- 
ty; thatis,' =2fe. On this Glaſs there falls the Ray c 4 con- 
verging direly'to the Point d. If ir be made id: i2:: de: be, 
F fay bis the Point in the Axis, where the Ray-c a, after its 
double Refraion,: crolles it. 


Demonſtration. 


- 
S 7 


-$ 
"— # F His w 


' For the Proof thereof we ſuppoſe all thav we laid down as 
ſuppoſed in the laft Propoſition. Draw f a direRtly to g, and 
make bk equalto+ be. I ſhall firſt ſhew, that by virtue of 
the fickt Retraftion, which the Ray ſuffers at' a, 'tis refract- 
ed direQly rowards k. Herethe firſt Angle of Incidence is c af, 
=xy ad; It therefore we prove that k ad is equal to} c af, 
6ur firſt Poſition ſhall be manifeſt, that the Ray is refract- 
ed fiſt towards k, For 


For by the Rule it is. — —| 1þ: je:: ed: eb 
Add to the Conlequents their 
OR TORT a DR7-157 26s 21d: if::ed: ek 
Inverting and dividing the| 3þ f—id= if if:: ek—ed 
Second = dk: ek 
Moreover inthe Triang, df « : af:: 14f ad=s Lcaf: 
5Ladf 
From che 4ch Step it follows, [5] Eeaftp alfirdf; zaf 


>, 


eg 3d and 4th itis—- —| 64 c of; adf:: dk: ek. 
Allo in the "I akd—| J\kd:ka=he:ts{k ad:5s{kda 


=sLadf. 
Sines and Angles OP. d: ke::4had: Ladf. 
From the 6* and 8 ir tcaf: adf;:; kad: adf 
Wherefore from this gth Step 'tis manifeſt that kadis equal 


9.) c af, JR to be Demonſtrated. 
| next demonſtrate, that by virtue of the ſecond RefraQti- 


on the Ray proceeds in 4 


Draw 0 41 Parallel to the Axis f k, and therefo Suppo- 
ſition WJ, ndicular to the plane fide of the us Cr 


the Ang plows 1a why GlaG Ai tal be oak, _ 

roar to prove c R kab i is 

to 3} 04b raps rg Thus,... _ 
In the Triangle k ab itis ka=ke:kb::tsfabk=5s 4 abe, 

= $L0ah: 5£Kab 
And Sines and Ang 04h: kahb 
But kb is! Cs en ee Angle | kah, is + of the 

Angle » +b. Which was » hb Deanfran/ FERR 


K 2 ..-;. | Divmgng 


- a 
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.t0 | DIVERGING RAYS 
j f | Corollary. 

I Concerning? Concave-Glaſſes expoſed to'Divirging Regs 


| \ The Virtual Focus' of- a Concave Glaſs fed to Parallel 
| Rays is found by Phop7X, XI, XI[, XIII. And the Properties of 


a Conetve expoled to Cnverging Rays are {hewt in Prop. XIV, | 
Let us now \confider a Ray Diverging from the Axis, as | 


717.F,z. ſuppoſe a rtigh-Obje& *(T. 17. K'2,) 1n'h, whoſe Ray b a di- 

; Oe kom tho Axis be; and ſo falls or the Concave Gal ab. | 
Let us conceive this nigh ObjeR h either farther from, or nigher f 
to the Claſs, than the Glaffes Virruat Focus. This Ray after 
paſling the Glaſs divetyes more, chan before it entred ir. And 

| the Rirle for determining the Point d;” From which this Ray af- 

ter paſſing the Glaſs does as it were diredtly Diverge, is this, 

A110 \ cots "7 £5. * py Fo 


; 4 , - 

y | 4; the Sun of the diſtance! of the Objeft from the Glaſs and 
, | | -- the hs) Bog _ - 
ut '"Td' the" Diſtunce of "the Objett from the Glaſs : * 


$ | So the Glaſſes Virtudl'Forus :* © 
W To the diſtance of this Point of Divergenty from the Glaſs 


i hs r >t 11 p = | 


i | [ By the foregoing XVth"Prop.— id: $61 485 0h - 
'F And Alternating - — — — —ie:eh:: id (= ie —de): de 
And Compounding — — — — ie-+eh: eb:: ie: de 

"Which laſt Analogy gives the forementioned Rule in Words 
as is manifeſt by comparing it with the Scheme. 


Pxoe. 


[ 69 ] 


Pxoe. XVI. PxoOEmL.' 


The Focal Lengths of two Convex-Glaſſes being given, the lon- 
ger bemg placed before the ſhorter at any given Diſtance leſs 
than the longer Focal Length ; *Tis required to determin the 


Diſtance of the Diſt aſe from the ſhorter Glaſs. 


This is ſolved from the VIII, Propoſation hereof. 

Tab. 18. Fiz. 1. c xc is a Convex-Glafs uniting the Paral- T8, x., 
lel Rays bc, bc, in its Focus at k; fdf is a ſhorter Convex 
uniting the Parallel Rays 2 f, 2 f, in irs Focus at s, In the 
Problem, k x the longer Focal Length, and s d the ſhorter Fo- 
cal Length, and d x the Diſtance of_the Glaſſes, are given ; 
To find d a, the Point wherein the Rays ci, ci, are united 
with the Axis by the Glaſs f f. 

By the 8th. Propoſition preceding, the Focal Length ds of 
the Convex-Glaſs f f being given, and the Diſtance of an Ob- 
ject da being given leſs chan the Focal Length 4d s, to find the 
Diſtance d k of the Imaginary Focus; ' the Rules, As the Dif. 
ference berween the Diſtance of the Object da, and the Focal 
Length d s, that is, ds —da=as : To the Focal Length ds :: 
So . Diſtance of the Object from the Glals ad : To che Di- 
ſtance of the Imaginary Focus from the Glaſs dk. 

Now whereas in the 8th. Propoſition d a 15 given, and dk 
ſought ; in this Problem d a. is ſought, and dk is given ; for 
d k is equal to the Difference between the Focal Length of the 
longer Glaſs kx, and the Glalgs Diſtance x d, 

Wherefore by the foreſaid Sth, Propoſition, and its Corollary, 
it being ds—da=astas :: ad: dk. It {hall be alſo alter- 
nando ds : dk :: ds da: ad. And Compounding ds + 
dk : dk :: ds: ad. | But in this Problem the Three firlt 


Terms of chis laſt Analogy are given, and the laſt ad required. 
Where- 


= [ 7 0 1 
' Wherefore by this Analogy, the laſt Term ad is found. And 
according to this Analogy we frame this Rule for ſolving this 
Problem. 
| | As the Focal Length of the ſhorter Glaſs -+- the Dif- 
| ference between the Focal Length of the longer, 
and the Glaſſes Diſtance : | 
To the Difference between the Focal Length of the longer 
and the Glaſſes Diſtance : : 
So the Focal Length of the ſhorter Glaſs : 
Ta the Diſtance of the Diſtin# Baſe from the Glaſs. 


Example. 


Let the longer Focal Length be x k= 2o, the ſhorter Fo- 
| cal Length ds=8.' The Diſtance of the Glaſſes dx= 15. 
l en xk_dx (=dk) +ds:dk::ds:84 
| In Numb. 20—15 (=5) + 8=13 : 5 :: 8: 3,07692. 
u Schol. 1. The ſame Solution holds, it the ſhorter Glaſs be 
placed before the longer, and the longer Glaſs at any Diſtance 
26 the ſhorter leſs than the Focal Length of the ſhorter. 

Ler the ſhorter Focal Length be = 8, the longer= 20, and 
the Glafles Diſtance=6; then 8—6=2 ; and the Propottion 
is 8-6+20=232:2 :: 20: 1,8182=to the Diftance of 
the Compound Diſtin&t Baſe ( for ſo 1*] call ir) of theſe two 
Glaſſes from the laſt and longer Glals, 


Corollary. 


i From hence is manifeſt the Rule which is before laid down 
| afrer our 3d Propoſition for Determining the Focus of a dou- 
ble Convex-Glaſs. The Rule is this, 4s the Sum of the Ra- 
dit of both Convexities : To the Radius of either Convexity :: So the 
! double Radius of t other Convexity : To the Diſtance of the Focus. 

| For 
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For Exarnple, Let the Radius of one Convexity be"20, and 
of tother 8. Then28:8::40:11,4286.- Or, 28: 20 :: 
16: 11,4286 =Focus. Let us then conceive this double Con- 
vex-Glaſs to be divided into two Plano-Convex Glaſſes, form- 
ed on the ſame Spheres as the rwo Sides of the double Con- 
vex, viz; One on a Sphere whoſe Radius is 20; and t'other 
on a Sphere whoſe Radius is 8; and theſe two Glaſſes placed 
rouching each other on their plain Sides, the larger Focal 
Length wonld be 40, and the ſofter Focal Length would be 
16, and the Diſtance of the Glaſſes would be Nothing. Then 
by the Rule of the XVI. Prop. 16+ 40=56: 40 :: 16-: 
11,4286 =To the Compound Focus. | 


Scholium 2. 


By this Propoſi:ion, and by the Corollaries of Prop. XXVE 
hereafter, the Eight firſt Propoſitions of Dechales Second Book 
of Dioptricks are manifeſtly folved. 


| Another Solution of the ſame Problem. 


My eſteemed Friend, the Learned and Inpenious Mr.Jo un 
FLAMSTEED, Rev. Aſtron. has very neatly folved this Pro- 
blem, and communicated the Solution thereof ro me, as fol- 


lows. 


lab: 18, Fig. 2, Let b pb repreſent a Convex-Glaſs, «whoſe 7:3. 2. 


Focus is at f; let ab be two Rays falling - upon it parallel 
to the Axis c f, which ſhall therefore be collefted in f; ler 
x f k be another Convex-Glals of any different oy whoſe 
Focus is h, its Diftin* Baſe ;h;. "Tis required to find,” ar 
what diſtance from the Point f, the Diſtinct Baſe ſhall be 
formed, the Glaſs nf k being placed any where nearer the 
Glaſs b6; as ſnppoſe in X, Y, or p. 

Through 


Ons CAA oo A OO oo et —_— 
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Through the Points X, Y, p, draw the Lines E Xe,..D Y d, 
T p, atRightAngleszo the Axis. And from the} Points E,D, T', 
- wherein they, .cut the refracted Ray b f, draw the Lines E o, 
Dm, T 1,. parallel ro the Axis. And from the Points 0, m, n, 
where they f onthe Glals u f k, draw the Lines o q, 97, ns, 

rallel to the retracted Ray bf ; theſe. xepreſent. chis. Ray fb 
alling upon the Glaſs = f k placed at XN, Y, p. | 

Produce b f through the Glaſs to the Diſtinct Bale, which 
ic cuts in i, we may now. con{ider qo, r.,.5n, as three pa- 
rallel Rays proceeding from: the ſame Point of an Object inh- 
nitely diſtant, which by the known Properties of Glafles, ſhall 
be colle&ted into the ſame Pojnt 5 of the Diſtinct Baſe with 
the Ray b f. Draw therefore the Lines oi, mi, 14, interſe- 
King the Axis in the Points x,y, g. Now, becauſe the Focus 
is that Point, where the Ray falling upon the outward Glaſs 
is by the fecond Glals collefted or made to converge with 
the Axis, the Points x, y, g, ſhall be the Foci ſought ; chat is, 
f x ſhall be the Compound Focal Length for the Glaſs n f k 
placed in X, fy when 'tis placed in Y; and f g when 'tis 
placed in p, or when both the Glaſles touch. 

Now that we may find theſe Focal Lengths f x, f y, fe, 
draw mk paralicl to the Diſtin& Bale thi, and i & parallel to 
the Axis Fa We ſuppole the Thicknels of the Glaſſes to. be 
as liccle as poſſible, . and therefore the Lines repreſenting the 
Rays, paſling through them, . are ſtrait, and not at all bent. , 

Wherefore the Triangles D Yf, h i f are ſimilar. Allo 
the Trnangles mki, mf y are fimilar, 

Ic ſhall therefore be— = | 1 |f Y: fb: YD (=mf) : bi 
Converting andCompound. | 2 f Y +fb:f Y::mf+bi:mf 
But by che Scheme — — — | 3 |m fa-bi=mk 
Therefore the 2d is thus— | 4|f.Y +f b:fY :: mk: mf 
And by the ſim, &' mki, mfy-- | 5 |\mk :mf::ki:fy 
From the 4th and 5th ir foll. | 6 |f Y+-fb:FfY ::ki: fy 
No 


\ 


w 


C31 
Now by Poſition þf=p f is the longer Focal Length, 

and fh=k i is the ſhorter Focal Length, and Y p the Diſtance 
of the Glaſſes ; and therefore f Y=pf—p Y is the longer Fo- 
cus, — the Diſtance of the Glaſſes ; and fy is the Diſtance 
of the Diſtin& Baſe from the inward Glaſs. From all which, 
the foregoing 6th Analogy, being reſolved into Words, gives 
his Rul: fo ſolving the Problem, S 

As the longer Focus — the Glaſſes Diſtance + the ſhorter 

Focus : 

To the longer Focus — the Glaſſes Diſtance : : 

So the ſhorter Focus : 

To the Ditance of the Diſtinftt Baſe from the inward Glaſs. 


Or thus, 


As the Aggregate of the ſhorter Focus and the Difference 
between the longer and the Glaſſes Diſtance : 

To the Difference between the longer Focus and Glaſſes Diſtance :: 

So the ſhorter Focal Length : 

To the Diſtance of the Diftinft Baſe from the inward Glaſs. 

Which is the very ſame Canon with that [ have given, 
deduced from the 8th Propoſition hereof. 

This Problem is of conſiderable Uſe in Dioptricks, bei 
the Foundation of an excellent fort of Teleſcope much uſed 
in England tor the Night. But it ſeems no Optick Writer 
has folved it. Fonoratus Faber has clearly omitted it. And 
Dechales, though he offers at our foreſaid VIIL Propoſition, on 
which our Solution of this Problem is founded ; yer miſſin 
lo enormoully as he has done in that, he could not hi 
to the Solution of this. And had he rightly folved our VIIE. 
Proplicion, I queſtion whether he would have puſhed it on 10 
tar as to ſolve thereby this Problem; for in the two next ſuc- 
ceeding Problems, he has rightly the Propoſitions on which their 
Solutions depend, but leayes the Problems themſelyes untouch'd. 
Go P a © P.* 
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Prxoe XVIL Pros Li. 


\ 
4 Convex-Glaſs being given, with a Concave of a larger Sphere, 
' the Concave being placed behind the Convex, at any Diſtance 
| leſs than the Focal Length off the Convex ; "Tis required to find 
the Place of the Compound Focus, or Diſtin# Baſe of theſe 
two Glaſſes. 


This Problem. is folved by the XV. Propoſition hereof. Tab. 
18. F. 3. The Convex-Glaſs x is placed fo bctore the Concave- 
Glaſs e, that this Convex would unite the Parallel Rays b f, 
b f, in its Focus at d, and the Rays q d, qd, would croſs the 
Axis in d, unlels the Concave e were interpoled. Which Con- 
cave. is ſuppoſed to have its Virtual Focus at +more diſtant 
than d the Diſtance of the Focus of the Convex x. 
| Wherefore hege is a Ray q incident on the Concave e, and 
converges towards a Point d, nigher the Glaſs e than the Vir- 
tual Focus of parallel Rays : ; and 'tis required to determine 
the Point þh, where it croſles the Axis. "The Rule by the XV. 
Propoſition is this, 

As the Exceſs of the Focus of the Concave more than this 
Point of Convergency 1d : 

To the Focus of the Concave 1e :: 

S9 the Diſtance of this Point of Convergency from the 
Glaſs de : 

To the Diſtance of the Point where this Ray croſſes the 
Axis he: 

Now in our preſent Problem, the three firſt Terms of this 
Analogy are given, and the laſt required. For the Problem 
gives dx the Focal Diſtance of the Convex, and te the Focus 
of the Concave, and e x the Diſtance of the Glaſſes, Hence 

we have de (=dx—e x) the Diſtance from the Concaye of 
: | the 
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the Point d, to which the Ray coave And we have id 
—ie—_de) the Excels of the Virtual Focus of the Concave 
beyond the Point ot Convergency d. 
Wherefore by the foreſaid Analogy it being, Asid*ie +: 
de:he. The Rule for Solving this Problem js rhis, 
From the Focal Length of the Convex ſubtraFt the Glaſſes diſtance. 
Mark the difference, then ſay, 
As the Focal Length of the Concave — this difference : 
To the Focal Length of the Concave :: 
So this difference : 


To the diſtance of the Diſtinft Baſe from the Concave. 


1. Example. 2. Example. 
Focus Convex =dx= 20 FocusConv. = 1 2 
Focus Concave= ie= 60 Focus Conc. = 1 5 
Glaſſes Diſtance=e x = 10 Glaſſes Diſt. = 2 
Hence — — — =de=10oDiff.]Hence'd e = 10 Difference 
ARG wo = —— = 226,497 20 And id = 5 
Then id=50:ie=60:: de=|Then 5 : 15 :: 10: 
10: he=1t. 30=h e. 


Pxoe. XVII. PxoOBL. 


The Focal Lengths of a Conwex-Glaſs and a Concave-Glaſs being 
given, and the Concave placed towards the Objeft, diſtant from 
the Convex, ſo that the Sum of the Concaves Focal Length and 
Glaſſes diſtance may be greater than the Focal Length of the 
Convex, and this diſtance of the Glaſſes being given alſo; 
'Tis required to determin the diſtance of the Diſtm#t Baſe y 


the Convex. 
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This is performed by the V. Propoſition hereof. Tab. 18. 


115+ Fig. 4. Let bac be a Concave, on which there fall che pa- 


rallel Rays nb, mc, which are ſo refrafted by this Glaſs, thar 
after paſling it, they proceed on in be, cf, as if they came 
directly from the Point a the Virtual Focus of the Concave, 
(by Prop. X. XI. XII. hereof) but in e and f meeting with the 
Convex-Glaſs, whoſe Focus is on each fide it ats, s, the Rays 
diverge not to i and g, bur are refra&ted, lo thar they crols 
the Axis in k. 

We may therefore conceive theſe Rays, not as paſſing through 
the Concaye b c, bur as proceeding directly trom the nigh Point 
a; andrthen to determine the Point k, where they croſs the Axis, 
the Rule is in the Prop. V. thus, 

As $a the difference between the Focus s d of the Convex- 
Glaſs e f, and the diſtance d a of the Objeft from the Glaſs : 

To the Focus s d of the Convex-Glaſs : : 

So the diſtance d a of the Objett from the Glaſs : 

To the diſtance of the reſpe&rve Focus d k. 

Now in this Problem, the three firſt Terms of this Ana- 
logy are given, and che fourth dk is required. For the Sum 
of the Concaves Focal Length and the diſtance of the Glaſſes, 
that is, 444d is equal to da; and d a—the Convex's Focal 
Length that is da—sd is equal to 5 a. 

herefore we ſolve the Problem by this Canon. 

From the Sum of the Focus of the Concave and diſtance of the 
Glaſſes ſubtraft the Focus of the Convex, that is, Za+dz—s d= 
s a, Keep this difference, then ſay, 

As this difference s a : 

To the Focus of the Convex $d:: 

So the Sum of the Concave's Focus and Glaſſes diſtance 2 a + 
4dz=ad: 

To the diſtance of the Focus from the Convex d k. 

Which is required by the Problem, and is the very Ana- 
logy of our Prop. V. An 


+, 5 


Another Solution of the Tiwo laſt Problems m Prop. XVII. and XVIIL 


Theſe Two laſt Problems were likewiſe communicated to 
me, moſt ingenioully ſolved by my torementioned Honoured 
Friend Mr. }.Fi.amsTzeeD. The Solutions I ſhall give in 
his own Words art large, as I have them in a Letter co me 
Dated from the Greenwich-Obſervatory, Jan. 17. 168+, as fol- 
lows. 

The Firſt Problem is this, A Convex Glaſs being given, with 
a Concave of a larger Sphere ; the Concave being placed at any di- 
ſtance leſs than the Focal Length of the Convex from it, and re- 
moter from the Objett; To find the Place of the Focus or Diſtin#t 
Baſe. 

—* Second Problem is, ' From the ſame Data ; the Concave 
being placed nigher the Objett ; To fmd the Diſtin# Baſe. 


For the Firſt Problem, Tab. 19. Fig. 1. B is a Convex-Gla(s, 715. ... 


P its Focus, m k a Ray of Light falling upon it parallel to its 
Axis, which will therefore converge into its Focus at P. G is 
a Concave-Glaſs of a larger Sphere, placed upon the Focus 
of the Convex; CP the Radius of the Sphere whereon the 
Concave is formed. And we are always to conceive the 
Thicknels of both theſe Glaſſes where the Rays of Lighr 
pierce them as {mall as poſſible. 

Draw the Line k& P, this ſhews the way of the Ray mk 
afrer irs Emerſion from the Convex B, Produce it both ways 
at pleaſure ro t and þh, Then conceive the Concave G placed: 
any where berwixt P and B, as in q, q; From which Places 
draw the Lines q 0, q 9, 'at Right Angles to the Axis. And 
from- the Points o, 0, k, wherein they interle& the refracted 
Ray kP; draw the Lines 06, ob, Kb, falling on the Con- 
cave G in 6b, b, 6. From theſe Points again draw the Lines 
br, br, br, parallel to the retracted Ray &P ; theſe ſhall re- 
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reſent the Ray. & Þ faliing on the Concave G placed at q, q; 


and alſo when it touches the Convex B. Let thele then be 


ronlider'd as ſo many parallel Rays, proceeding from the lame 
diſtant Point. Wherever they ſhall interſect the Axis after they 
have paſſed the Concave, there ſhall be the true Focus for both 
Glaſſes, which Iſhall call the Compound Focus, To find which 
we are to remember ; 

That, as the Parallel Rays of Light falling on a Convex- 
Glals,ate all collefted very nearly inthe ſame Point of the diſtinct 
Baſe; fo alſo the Rays of Light falling Parallel to each other 
on a Concave, after they emerge from it, diverge and ſeparate, 
as if they had all proceeded from the ſame Point, which I there- 
fore call the Point of Divergency (This, in my foregoing Propoſitions, 
I term with moſt Optick Writers, the Virtual Focus) Which Point in 
a Concave-Glafs is juſt as far diſtant from it, as the Point of 
Convergency, or Focus of a Convex of the ſame Sphere or Spheres 
is diftant trom it. We know the Focal Point is tome little nigh- 
er the Glaſs in the Parallel Rays that fall wideſt from the Axis, 
than in thoſe that fall near it; ſo is the Point of Divergency for 
Concaves. But the difference is ſo ſmall in Glaſſes » A large 
Sphere (ſuch as in thele Problems we {uppole) that tor all Rays 
falling on the Glaſs Parallel to each other, it may be taken as 
a ſimple Point. Such therefore we are to conceive it ; and then to 
find this Point of Divergency, The Rule is ( Corol. Prop. XI.) 
300—193=107 : 193:: So CP the Radius of the Plano- 
Concave-Glals: To Ph: Which in Glafles of a large Sphere, 
and where the Inclination of Ph is (mall, will be inſenſibly 
different frona Pg ; h g being perpendicular to the Axis. Or we 
may determine this Point of Divergence Geomerrically chus, 
On the Centre P with any Radius Pt, on the void fide of 
the Figure, ſtrike the Arch at; then make ir 300: 193::t 5:4, 
Draw Pa, and from C the Centre of the Concave draw C h 
Parallel to a P. The Point þ, whercia it cuts the Line Þ k pro- 

: | duced 


duced 


S, *: 


upwards, ſhall be the Point of Diver 


Tt. 


fo 


Lay a Ruler over the Point h, and che Points b, 6, b; this, 


where it cuts the Axis g p produced, as in f,f, ſhall give all the 


poſſible Compound Foci. 


Then hg being perpendicular to the Axis, produce the Lines 


bo, till they cut it 1n d, d, 
Then the Triangles þ P 
Triangles b fg, bfP are 


It will chen hold ob familia 
Triangula bP g, oPq 
Dividing the Firſt © — 
That is, 
Moreover by Simil. Triang. 
h t $3 b f DP _—_——— 
From the 3d and qrh ir 
lows 
And Compound the 5th--- 
That 1s, 
| And Dividing the 7th — 
That 1s, 
But hP=g P=bb, and ſo 
likewiſe oP =q P, (the Incli- 
nation of kP, as is ſaid before, 
being » ag; very ſmall ;and' 


fol- 


L oPq are ſnmilar: likewiſe the 

imilar alſo. 
ihP oP::ho:dg 
2]þÞP—oP:oP::he—dg:do 
31þo: oP::bd:dg=09q 
4\bd: do:: bb: bf" 
Sſho: oÞ:: bb: bf. 
61þo+0P:oP:: hb +bf: bf 
7þP :oP:: bf: bf 
8'bP_oP:oP::hf—bf:bf 


bP—oP:oP::hb: Gf: 


the Glafles of ſmall ments 
of large Spheres.) Wherefore 
fob ou — —_ 10g P—qP: qP::gÞ: bf. 
Focus of the Concave|11|=g P=bP. 
| | Focus of the Convex |12|=2z P. 
Bur by Poſition Sr;Qance of the Glaſſes 12|=34q 
( Fo. Convex — Gl, diſt. | |=qP=z3P—x4 


Wherefore 


[ $0 | 


| Wherefore the 10th. Analogy, by the 1 1th, 12th, and 13th 
'Wt Steps, relolyed into Words gives this Rule, 


A the Focus of the Concave —. Focus of the Convex 4 diſtance of 
| the Glaſſes: 
To the Focus of the Convex — diſtance of the Glaſſes :: 
So the Focus of the Concave : 
To bf = to the diſtance of the Diſtnft Baſe from the Concave. 
And this Canon of Mr. Flamſteed is the very ſame with ours in 
the preceding 1 7th Propoſition deduced from the 1 5h bereof. 


But if the Concave be placed next the Object : Which is his 
Problem II, and our XVIIIth Propoſition, my torementioned 
Learned Friend ſolves it thus. 

T19.F2- Tab.1g«. F.2. Dis a Concave,E a Convex,bp the Focal Length 

of the Concave, gp = gq the Focal Length of the Convex. 

Ler 5k be a Ray of Light falling into the Concave at k. From 

W | the Point of Divergency h, through k draw the Line kd; this 

8 ſhall ſhew the refrafted Path of che Ray 5 k acer ic has paſſed 

| the Glaſs D. From q the Focus of the Convex E erect qb per. 

i pendicular to the Axis bf ; and through g draw the Line rg b 

| Parallel co k d, interſecting the diſtinct Bale of the Convex E 
| 


in 6, through which draw db, continuing ir till it interfect the 
Axis in f: There ſhall be the compound Focus or diſtinct Baſe 
for theſe Glaſles thus poſited. Draw now the Line dg ar Right 
Angles to the Axis ; produce s k till it cut dg in m; and draw 
| bn Parallel to qg. 

Then the Triangles h dg, hk p, bg q, are ſimilar. Allo the 
| | Triangles bdn,f bg, arc lar And bp+pg =bg. 


Ic ſhall therefore be— — — | 1\bo:9gq:: dg: ng=bq 
| And converting the Firſt —. 2 \bg: bg—gq::dg: dg—ng 
| Inverting the-{lecond — — 3\bg-2q:bg::dg—ng: dg. 
| Thar is, by the Scheme 4\bg—29:bg:: dn: dz. 


S 


iz ' Then 
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Then by the ſimilar Tri- 
angles dnb,dgf — — — — |5 dn: dg::nb=gq: of 
From 42nd 5 ir follows — 6 bg-gq: bg::gq: gf 
Then bg being= to þ p+- | 7 by +pg—g9: bp +pg:: 
pg, the 6th is thus 24: of. 
{Focus of the Concave—| 8 =hp 
Focus of the Convex —| 9 =gq 
| Diſtance of the Glaſſes —'10,=pg 
But by Poſition 4 Focus of Concave + Glal- 
OE rea 11]/=h =b p+þ 
| Diſt. of the diſtinct Baſe bf 7 


 fromConvex— — —12]=g f 


— 


From all which the pth Analogy may be thus expreſſed in 
words 
' Athe Foens of the Concave + the diſtance of the Glaſſes — 
the Focus of the Convex : : 
To the Focus of the Concave + the diſtance of the Glaſſes : : 
So the Focus of the Convex : 


To the Diſtance of the diſtmt# Baſe from the Convex : 


Which is the ſame Rule with that which I have before given 
in Prop. XVill, deduced from the 5th hereof. 

And theſe two laſt Propoſitions do naturally lead us to the 
Conſideration of Meniſcus-Glaſles. 


MENISCUSGLASSES. 


That is called a Meniſcus-Glaſs, which is Convex on one 
ſide and Concave on tother. Tis ſo named from its Reſem- 
blance to the New Moon or Lunula, in Greek wlwineG.. 

In Meniſcus-Glaſſs either the Semidiameter of the Convexity 
and Concavity are equal or unequal: If they are equal the Ray 


chat falls thereon Parallel to the -Axis, after RetraCtion pro- 
M ceeds 
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ceeds again Parallel : If they are unequal, then either the Semi- 
diameter of the Convexity is leſs than the Semidiameter of 
the Cavity, and then the Convexity prevails, and the Glaſs 
has a Real Focus : Or elſe the Semidiameter of the Cavity is 
leſs than the Semidiameter of the Convexity, and then the Ca- 
vity prevails, and the Glaſs has only a Virtual Focus. Bur of 
theſe more fully in the following Propoſitions ; This 0bſerva- 
tion being premiſed, That the Focus of a Meniſcus, the Semi- 
diameter ot whoſe Convexity is leſs than the Semidiamerter of 
the Concavity, and theſe rwo Semidiameters being given, is 
eafily determined by Prop. XVII preceding. For in that Pro- 
poſition, two Glaſſes are given, one a Convex, and r'other a 
Concave, and the Focal Length of the Convex is ſhorter than 
that of the Concave. And whereas in that Prop. there is given 
a diſtance between the Glaſles, let us conceive this Diſtance to be 
nothing, that is, let us imagine theſe Glaſſes to touch ; and their 
Reſults a Meniſcus whole Focus is determined by the ſame Rule 


in that Prop. Which 1s this, 


As the Focal Length of the Concave — the Focal Length of 
the Convex + the Glaſſes Diſtance : 

To tbe Focal Length of the Concave :: 

So the Focal Length of the Convex — the Glaſſes Diſtance : 

To the Diſtance of the Diſtinft Baſe from the Concave. 


But becauſe we ſuppole, in the Caſe of a Meniſcus, the two 
ſides of the Glaſs to touch, that is, the diſtance of the two 
Glaſles to be nothing ( for every Meniſcus may be conceived 
divided into two Glaſtes, a Plano-Con vex, and a Plano-Con- 
cave) or the Thickneſs of the, Glaſs to be inconſiderable in 
Compariſon of the Focal Length. The foreſaide Rule apply- 


'ed to a Meniſcus ſhall be this, 


As 


THE 
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*_# 
As the Focal Length of the Concave '_— the Focal Length of 
the Convex : 
To the Focal Length of the Concave : : 
$0 the Focal Length of the Convex : 
To the Diſtance of the Focus of the Meniſcus. 

Now it we have given the Semidiameters of the Convexity 
and Concavity of a Meniſcus, we have given the Focal Lengths 
of the Plano-Convex and Plano-Concave of which this Meniſcus 
is compounded. For theſe Focal Lengths may be afſumed the 
Doubles of the Semidiameters, wheretore Halfs being as their 
Wholes, the forelaid Rule for finding the Focus of a Meniſcus 
may be thus expreſled, 

As the Difference of the Semidiameters of the Comvexity and 
Concamty : . 

To the Semidiameter of the Concavity :: 

So the Diameter of the Convexity : 

To the Focal Length. 


Which is the Common Rule aſſigned by Optick Writers. 
But of this more = hereafter Prop. XIII. And tho this Rule 


in General were ſufficient for — the Foci of Meniſcus- 
Glaſſes, yer I ſhall inlarge more fully 
ing Propolitions. 


econ in the follow- 
Pxoe. XLX. 


In a Meniſcus, if both ſpherical Superficies have the ſame Diame- 
ter, the Ray that falls thereon Parallel to the Axis, after its 
ſecond Refrattion proceeds again Parallel. 


Tab. 20. F. 1.mn is a Meniſcus, bc the Semidiameter of the 
Convexity ec, f a the Semidiameter of the Concavity ia, de 
a Ray of Light Parallel to the Axis kg. I fay this Ray after 
a double Reſeadtion, one at/e, and rother at i, proceeds in i þ 
Parallel to k g. 

M 2 4 We 
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We here ſuppoſe the Thickneſs of the Glaſs inconfiderable 
in reſpect of the Semidiameter of the Sphere on which 'tis form'd; 
and therefore we wholly neglect it. 

We ſuppoſe alſo that Sines and Angles and Sides in theſe 
fmall Angles are Proportional. 

Let gc=9 4 be made Triple bc=f a, the Ray de by its 
firſt Refraction at its Entrance into the Glaſs ar e is refracted 
cowards g, eig being a Right Line; at i the Ray emerges from 
the Glaſs on the Concave Surface i a. Draw f i {. Now the Angle 
of Indination within the Glafs is lie=f ig, and if che Ray be 
refracted into ib, the Angle of Refrattion is þi g=i vg f, which 
ought therefore to be + the Inclination fig, and, that ir is (o, 
L chus prove. 

* In the Triangle gif, As gf : To i f:: So the Angle 
g if : To the Angle sgf. Bur g f1 is double +, bet. 4 
£g i f is double Zigf. Which was to, be Demmtrated, 


Pzxorx, XX. 


In a Meniſcus, if the Semidiameter of the Concavity be triple 
the Semudiameter of the Convexity, the Focal Length is equal 
to the Semidiameter of the . Concavity, | 


This is moſt evident, it the Convex-ſide be turn:d to the 
Izo, F2 Ray, as Tab. 20. Fig. 2. bi is a Ray parallel to the Axis a 6, 
d c the Semidiameter of the Convexity fciy, be=3 dc the 
Semidiameter of the Concavity fekg. The Ray, by the firſt 
Refraction. it ſuffers on the Convex Surface at i, is directed 
ro concur with the Axis at a Diameter and an half of the 
Convexity, that is, in 6. But b is the Centre of the Concavity; 
wherefore the Ray ik within the Glaſs falls perpendicularly on 
the Concave none jkg; and therefore is not at all refra- 
ed by its Emerſion from the Glaſs, bur proceeds onwards 
directly in ikb. Which was to be Demonſtrated. + But 
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But let the Concave-{ide be towards the Ray, as Tab.20- 


Fig. 3. fc is the Semidiamerter of the Convexity ic, g k= 3 fc T2o.F.4 


the Semidiametrer of the Concavity ek, de a Ray parallel to 
the Axis, produced dire&tly ro m. Let lc be made equal to 
g k, I fay the Focus ſhall be ar {, !c being equal to the Se- 
midiamerer of the Concavity. Draw geo. The Angle of the 
Rays Inclination on the Concave Surface is deg=0em (Ang. 
ad Verticem) and the Ray by the firſt Refraftion ir receives on 
the Concave Surface at e is ſo refracted as if it came from the 
Point h diſtant a Diameter and halt of che Concavity then draw 
he in directly. Here men=deh=ebg is the Angle of Re- 
fraction, which is therefore ; of the fnclination deg=e g k= 
oem. Bur we {uppole, as rhe Angles ſo are the Sines, and ſo 
are the Sides. Wherefore in the Triangle eg b, sLegb=5Legk: 
sLebk::eb=kb:eg, that is, Legkh:Lebk::kb:eg. 
Burt the Angle e g k is cqual to 3 {eb k, and therefore k þ 1s 
equal to 3eg, and conſequently g þ is double egor g k. From: 
f the Centre of the Convexity draw f i p, this is perpendicular 
ro the Convex Surface ic. Wheretore ſeeing g h1s Jouble 2k, 
and 2k is triple fc or fi, bf ſhall be oftuple fi (by the 
Scheme). And the Second Angle of Inclination bþ if on the. 
Convex Surface ſhall be oftuple of the Angle at þ, becauſe 
their Correſpondent ſubtending Sides are as Fo 1. Bur hif 
is equal ropin (Ang. ad Vert.) nd becaule at the Rays Egrels 
from Glaſs ro Air, the Angle of Retraction nl ought to be 
half the Inclination pin, fo let i: be made ; and then leeing the 
Angle pin is octuple the Angle at þ, its half nil ſhall be 
quadruple the Angle at þ; from the Angle 1:1 fubtrat the 
Angle nim=dib=£b, there remains the Angle mil=ilf= 
34h; wherefore the Angle at | and egk=3 eb kare equal. 
And then in the Tranglee |; ( neglecting the 'T hicknels of the 
Giaſs) e/and eg, or cland k 7 the Semudiamerter of the Con- 
cavity are equal, Which was to be Demonſtrated. 

05ſervation. 


[ 


. 
% 


T.20, F.4- 
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Obſervation. 


Thris is the 28th. Prop. of Dechales Firſt Book of Dioptricks, 
which he there huddles over in a moſt confuſed manner, omit- 
ting ſeveral Steps in the Demonſtration. Zahn has the {ame in 
Fund. 2. Syntag. 1. Cap. 7. Prop. 3 2. and tranſcribes from Dechales 
not omitting his very Errors. | 


Prxoe. XXL. 


Ih a Meniſcus, the Semidiameter of whoſe Convexity is triple the 
Semidiameter of the Concavity, The Virtual Focus is diſtant 
the Semidiameter of the Convexity. 


Tab.20. F. 4. ab is the Semidiameter of the Concavity bd, 
kc=3 ab is the Semidiameter of the Convexity cf, r da Ray 
parallel to the Axis kc. This Ray by the firſt Retraction it 
receives on the Concave Surface at d, is refracted into d s, as if 
ic came dire&ly from the Point k (by Prop. X.), wherefore de 
falls perpendicular on the Convex Surface (by Def. 10.) and 
Ry is not refracted ar its egreſs from the Glaſs (by 
Exp. 3.) wherefore the Virtual Focus is at k. Which was to be 
Demonſtrated. 

Pzxoe. XXIL 


In whatever Meniſcus wherein the Semidiameters of the Convexity 
and Concavity are unequal ; The General Rule that aſſigns the 
Focus either Real or Virtual is this, 


As the difference of the Semidiameters : 

To either of the Semidiameters, whether of the Convexity or 
Concavity : : 

So is the Diameter of the other Surface : 

To the Focus Real or Virtual. (Caſe 
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( Caſe 1.) I ſhall demonſtrate this Propoſation in Three ſeveral 
Caſes, and the Firſt ſhall be, ' Where the Semidiameter of the 


Concave is greater than the Semidiameter of the Convex, but 
leſs than triple the Semidiameter of the Convex. 
(Caſe 2.) Wherein the Semidiamerter of the Concave is great- 
er than triple the Semidiameter of the Convex. 
And in theſe Two Caſes the Glaſs has a Real Focus. 
(Caſe 3.) Wherein the Semidiamerer of the Concave is leſs 
than the Semidiameter of the Convex, and then the Glaſs has 


only a Virtual Focus. 


Moreover in the 'Triang. hok 3 


From 2 and 3 it follows... | 4 


hbok:obg::hk:ok=Kkl 
2g -+\ K-29 


4 . 


'Tis here ſuppoled, that the Breadth of the Glafs is ſolxtle, 
and the Angles ſo ſmall, that Sines and Angles and Sides may 
be proportional. For an Angle, we often aflume its Com- 

lement to 180", as having the ſame Sine. 

Tis ſuppoſed likewiſe that the Thickneſs of the Glals is in- 
| conſiderable, and therefore 'ris wholly neglected. 

Firſt therefore for the Firſt Caſe, Tab. 20. Fig. 5. Let de be T2 F5- 
{ a Ray parallel tothe Axis ck, f c is the Semidiameter of the 

| Convexity ec; gl is the Semidiameter of the Concavity 
Make hc triple f c. Then by the firſt Retraftion the Ray ſut- 
fers at e, 'tis directed towards h (by Prop. I.) Wherefore the 
Angle of Inclination upon its Emerſion from the Glals is 
| Let the Angle of Refraction hok be made half gob, Then 
k is the Focus, and it being ſo made, [I ſay, the difference of 
the Semidiameters=f 7 : Is to f c the one Semidiameter :: As 
2 2 | the other Diameter : To ck the Focal Length. 


ol. 


gob. 


| | Demonſtration. 
in the Triangle hog — —' |< bog: Lobs :: by: go=pl 
And therefore — — — —! 2|thog=hok:obg::the: 2g! 


By 


[ 88 ] 
By permuting the 4th. — — _—_— 4 : bk 
Meaning the 5th. — 1614-kl:klbg + bk=gk:bk 
Bur k1 is equal ro kg +| ||2g{+kl=2gl+kg+gl= 

l, therefore —...— | ” gltgk 

Wherefore the 6th. runs thus} 8|3g/+gk:kl::gk:hbk 
By permuting the 8th... —| 93g [+gk:gk:itklibk 
Dividing the gth. ——ſioſzgl:gk ::kl—bk=bl:bk 
And permuting the 1 oth. |11}zgl:bl=3 fl:: gk:bk 


From 11 and6 itfollows— |12[3gl:3 fl::2gl+kl: kl 


And conſequently from 12|13]ſg /{: fl :: 2g{+kl: kl 
Dividing the 13th. |14\g -fl=fg: fl=fc:: 2 gl: 
k l=k c 
For the Thickneſs of the Glaſs is neglefted, and therefore we 
aſlume kI=kc. 
But this 14th. Analogy fg : fc::2gl:ke Is the Pro- 
poſution which was to be Demonſtrated. 
Note, Zahn does again in this Propoſition tranſcribe from 
Dechales, and copies the very Miſtakes of the Preſs. Bur in 
our foregoing Demonſtration all is rectified. 


Corollary. 


Becaulſc int fe:: def: ke 
Ic ſhall alſo be—fg : g1:: s / : ke 


For if t be —fg : fc:: 291: ke 
Then Permutingfg :2g1l:: fc: ke 


Then halve the firſt Conlequent and double the laſt Antece- 

dent, and it ſhall be fg:gl::2fc: ke Which was 
to be Demonſtrated. , 

T20.F.6. In the 2. Caſe, Let fc, Tab. 20. Fig. 6. be the Semidiami- 

ter of the Convexity e c. Make ch equal to 3 fc. Let gl 

el 

to 


be the Semaidiameter of the Concave lo, de a Ray para 
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to the Axis, which by the firſt Refraftion tends towards þ 
(by Prop. I.) Now the Angle of Inclination on the Concave 
Surface is hog ; for go is the Perpendicular. Wherefore the 
Ray by the 5 cond Refraction from Glaſs to Air is bent from 
the Ac Car krts by half the Angle of Inclination; Let koh 
be this Angle of Retration=3hog. I ſay then, that As 2 f: 
To lf or fc (neglecting the Thicknels of = Glals) :: So 2 g!: 
To ck or [k, 


Demonſtration. 


— 


Lobgorobl: £go0h::og= 
gl: gb. 
p bi: tgobnbok: :2gl:90b 


In the Triangle g 0h - — 


" 


Sad crechous | oo en ener ne 


Moreover in the Triang, hok| 36h|:hok::ok=lk:kb. 

From 2 and 3 it follows — | 4|zg!:gb:: 1k: kb. 

Permuting 4 — — — Sol: Tkitgh:kb. 

Compound the 4th. — — 62g 14-gb: gb: ko-kbrkb. 

Permute che 6th. _ — — | 7/2 gl4-gb:lk+kb::gb:kh. 

From 5 and 7 it follows — | 8/2 21+2h: I k+kb=lh:: 
22(:1k. 

Compound the 8th. 9g !+ (gb +ib=1gt =32l: 
Kr ph c: gl+Ik: Ik. 

And fromthe grh. it follows 1olg 1: LE; Elk: Lk. 

And dividing the 10 n1glelf =E F. :220:1k. 
Which was to be Demonſtrated, 

 Oorollayy. 
Becauſe <— — og f : #80 : Ik. 


It ſhall be allo <= < -gf : 21 :: Me Ik, by the 
foregoing Corollary. 


N Laſtly 


— __ - 
EE EDS EE i = — 
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T2642." 


4-- 


Laſtly in the third Caſe, Tab. 21. f. 1. fl is the Semi- 
diameter of the Concavity il, n c the Semidiameter of the 
Convexity ec. Let c m be made Triple nc. de is a Ra 


Parallel ro the Axis k m. this Ray by its Firſt Refraction 
proceeds in eim; at i it emerges into Air on the Concave 
Surface. Draw the Perpendicular fig. The Angle of In- 
clination on this Concave Surface is eig=f im, ad Vert, 
Let the Angle of Refraction þ i w be made equal to 3 fim. 
as it ought to be. Then, I ſay, the Ray Proceeds after its 
Second Refraction in # h, as if it came directly from the 
Virtual Focus k, and that then it ſhall be muff :2 well! 


EF: Re 


Demonſtration. 


In the Trian. mif — — | 
RIS ons Am ob em | 


Allo in Trian. mik — — 


From 2 and g — — — [df 


Dividing 4 — — — — 


But by Poſition in the Scheme 


Wherefore the 5th Runs thus | 


And Permuting 7 — — — 


| And therefore ww a om p 


J 
6 


EZmif: dm::fm:fi=fl. 
none Ara wg Auto! 
£mik or its Compl. 4him : 
£Zm::mk:ik=kl, 
m:2fl::mk:kl=kec neg- 
lecting the Thicknels. 
Cs #3: $f{r:ek- Abs 
ml=mc:kc. 
mezfl=mle;, fl. 

ml (=mc) —3 fl:2fl::ml 


=mc:kc. 


8 


we (=3nc) —3 fl: mc:: 
A ot Iu 
BC—fl=nf:;mc=nc:: 
2 tl: ke. 
Which was to be Demonſtrated. 


Cor ol- 
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Corollary. 


Seeing it i — — —nf:nc::2fl: ke. 
Ic ſhall be allo = — nf:fl::2nc: ke. 
Va. Preceding Corollaries. 


Pxoe. XXIL. Prosrs. 


The Semidiameter of the Convexity being given, 'tis required to 
find the Semidiameter of the Concavity, that a Meniſcus formed with 
this Convexity and Concavity may wnite the Parallel Rays at a 
given diſtance. Vid. Barrow Le&t. Opt. 1 4. pag. 102. &c. Edir. 
Lond. 1672. 40. 


Tab. 21 F. 2. 4e=ad 1s the given Semidiameter of the Con-,.,, -. 
vexity, df is the given Diſtance, at which the Parallel Rays 
are to be united, ze produced to k is a Ray Parallel to the 
Axis df. Draw a eh on the Point of Incidence e as a Centre 
at any Interval, ſtrike the Arch k 04, and make the fine of the 
Angle of Incidence k m, to the Sine of the firſt retracted Angle 
on, as 300 tO 193, oras 14tog., Draw eol produced the 
other way to c. The Ray by the firſt Retraftion is direted 
to |; in the Line le take any Point at Pleaſure i, fo that 
£1 may be the Thickneſs of the Glaſs which is to be for- 
med; which Thicknels is here reprelented conſiderable , for 
Illuſtration ſake, bur ir being really of no Moment in Glaſles 
of ſmall Segments of large Spheres, 'ris neglected altogether in 
Demonſtration, Draw f i which we ſuppoſe equal to f d. And 
make the Angle 1iq: To the Angle lif:: As 193 : To 107. 
Draw 44 which cuts the Azisin 6. On b as a Centre ſtrike the 
Arch of the Concavity i x., I lay bi=bx is the Semidiamerer 
of the Concavity, which added on t'other {ide rhe Glals to the 
former given Convexity, ſhall unite the Parallel Rays ar the 
given diſtance uf. N 2 De- 
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Demonſtration. 


By the firſt Refraction the Courſe of the Ray is through e ; [, 
but at i it meers the Concave Surface, and emerges from thence 
into Air. Now the ſecond Angle of Inclination is b1 |, for b; 
is perpendicular to the Concave Surface. Bur the Angle 1if 
is ( by Conſtruction) To the Angle 1iq:: Asto7 : To 193. 
Wherefore lif is the ſecond Angle of Retraction agreable to 
the ſecond Angle of Inclination b i | ( by Exp. 6.) Wherefore 
ipf is the refrated Ray. Which was to be Demonſtrated. 


\ 


Calculation of an Example. 


Let the Semidiameter of the Convexity ae=4d be given 
10000. and the Focal Diſtance df =f i 63 000. 

Ler us ſuppole the firſt Angle of Inclination ke @ to 
be '5*. ©. 0”. 

Then as 300: to 107 :: 5. 4kea: 5.4ila, which is the 
firlt Angle of Refraftion = 1”, 46. 50". Wherefore i1f— 
678”, 13. 10” 

Alſo ( by Prop. 1.) As 107 : 300:: ae=10008 : To 
el=il=[ld= 28037. 

Then inthe Triangle if /,we have the three fides and the An- 
glei[f,to find the Angle f |=0*. 47.30'and fil= 04.59.20". 

Say then, As 107: To 193 :: 5.£fil:5.41iq which we ſhall 
find to be '1*, 47. o”. 

And fil+-liq=fib=2*, 46. 20". Allo 180” — fib 
ifl=ibf=176. 26. 10". 

Laſtly in the Triangle f i þ 
As 5.4ibf= 176". 26" 20" Log.comp. ar. 1. 2064785633 


Tos.Lifb = O 47 30 — — — —8. 1404059077 
So' if = 63000— — — — — — —4: 7993495495 
To bi = IL AO0OO a. -— — — — — 4, 1462250205 

pe Where- 
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Wherefore I ſay that a Meniſcus , whoſe Convexicy hath 


the Semidiameter 10000, and the Concavity the Semidiameter 
14000, has its Focal Length 63000. 


Further Proof. 


To Prove this by ſome of the foregoing Rules for finding 
the Focus of a Meniſcus. Let us conceive ſuch a Meniſcus to 
confiſt of a Plano-Convex Glaſs, and a Plano-Concave Glaſs. 
And the Semidiameter of the Plano-Convex to be 1 0000, and 
che Semidiameter of the Plano-Concave 140co. Then to find 
the Focal Lengths of thele Glafles ſeparately, ſay, 


By Corol. Prop. Il. 107: 193 :: 10000: 18037 = Fo. Conv. 
And by Corel. Pr. XI. 107: 193 :: 14000: 25252 = Fo. Conc. 


Diff. 7215 

Then by the Obſervation Preliminary to Prop. XIX. 72195 : 
25252 :: 18037 : 63128 = to the Focal length of ſuch a 
Meniſcus. Which comes ſufficiently nigh 63000, conſider- 
ing the foregoing Angles are Calculated only in Round Num- 
bers to every 10" ſeconds. 

What is here performed by ſuppoſing the Firſt Angle of 
Inclination ke a=5*. o. o", may be likewite done ſuppoſing 
ic of an other Inclination, and as the Angle is ſmaller it will 
be the more exa&t. 


Pxoe. XXIV. 


An intire Glaſs-Sphere Unites the Parallel Rays at the Diſtance 
almoſt of half its Semidiameter behind it. 


'Tis here ſuppoled that the Incident Rays do_ not fall di- 
ſtant from the Axis more than 20 or 30 Degrees. 
Tab. 
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T21-P3* Tab. 21. f. 3. a k is a Glaſs-Sphere. On the Point d there 
falls the Ray b d Parallc) to the Axis ak. I ſay this Ray 
after a Double Refraction concurs with the Axis in the 
Point f, ſo that fk is almoſt half the Semidiameter of the 
Sphere. 

c is the Centre of the Sphere , make k h equal to the 
Semidiameter c-k, thea ah.is a Diameter and Half. And 
the Ray b d by che Firſt Refraftion proceeds in d e direct- 
ly towards the Point h. Bur at e it emerges from Glaſs 
to Air. Draw the Perpendicular c e g, the Angle of this 
ſecond Inclination is ced=g eh. Now the Ray inſtead of 
proceeding directly to h is refracted from the Perpendicu- 
lar e g by the Angle feh, which is therefore to half 
ced, And that it 1s ſo, I thus prove. ced is equal to 
ech+ehc (32.1. Encl.) but ech and ehc are to ſenſe 

ual, their Subtenles e þ and e c being very near equal : 
wherefore eh c is half ced. But ehc is equal ro fe h (their 
Subtenſes fe and f þ being as to ſenſe equal ; for f k by 
ſuppoſition is equal to f þ, and fe is very near equal to 
7 therefore fe is almoſt equal to f þ) and conſequently 
the Angle feh is half ced or geb. Which was ay, De- 

.monſtrated. 


Prxoe. XXV. 


A Glaſs Hemiſphere Unites the Parallel Rays at the Diſtance 
of a Diameter and one third of a Semidiameter from the 
Pole of the Glaſs. 


11-4 Tab.21.f. 4. adc is a Glaſs Hemilphere, b d a Ray of 
Light Parallel to the Axis a h. This Ray after a Double 
Retraction Crofles the Axis in the Point f, fo that fc is 
a Semidiameter and one third of a Semidiameter, Make ck 
and 


NN" i 
5 
ne 


Tab .22.pa9 9 


1p 


U 
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and k h each equal to ca. By the firſt Refration at d, 
the Ray is directed towards þ in de h. At e the Point 
where it emerges from the Glaſs, draw pe r Perpendicular to 
the Surface ce. Now the ſecond Angle of Inclination is 
dep=ber (15.1.) =kbe (29.1.) =keh. (Forke being 
nighly __ to ke, tis allo nighly equal ro kh; Then in 
the Equilateral Triangle k e h, the Angle ke h ſhall be nigh- 


ly equal to the Angle khe) And the Angle of Refrattion is 


eh. And this we are to prove equal to * the Inclination 
her or eb f.' Seeing k þ is equal to ck, and kf is 4 of kh 
by Conſtruction, it follows that c f-is double f þ (for ck. 
+kf=c f= ; dÞ-3 = F and f þ= #9 bur * is = to dou- 
ble 3) Bur ef is nighly equal to c f; therefore e f is nigh- 
ly double fh. Then in the Triangle f eb, as the Sides, fo 
the Angles ( by ſuppoſition ) therefore the Angle e hf -is 
nighly double the Angle f e h.  Which- was to- be . Demon- 


ſtrated. 
Defmition. 


The ProjeRion of: an Obje& in the Diftin&t Baſe of a 
Convex Glals, I call the Image. 


Pxoe. XXVI.- 


As the Diſtance of the Objeft from the Glaſs : 
19 the Diſtance of - the Image from the Glaſs : : 


So the Diameter of the Objefts Magnitude : 
To the: Diameter of the Image. 


Tah. 22. f.1. ab c is an ObjeR, kd m a Convex Glaſs Tz #:. 
in the Hole of a Dark Chamber, ef 2 the Image formed 
by this Glaſs on a White Paper in the Diſtin& Baſe, I fay, 
: As 


6] 


As c d the Diſtance of the Object from the Glaſs : To e d 
che Diſtance of the Image from the Glals : : So ac the 
Obje&s Magnitude : To g e the Magnitude of the Image. 

To ſhew this, we are to remember the Premiles to the 
IV Propoſition. For by them we ſhall find, that the Axes 
ad, and cd of the Luminous Cones k am, kcm, may 
be conſider'd as -paſſing the Glals unretracted. Becauſe that | 
afrer they have paſſed the Glals and become 4d z, de, the 
proceed Parallel ro their Courſe before they entred the Glals. 
So that in Glaſſes of large Spheres, and ſmall Segments, 
the thickneſs of the Glals being inconſiderable in reſpect 
of the Focal Diſtance, we may neglect ic. And then we 
have here . ewo Similar Triangles a d c, g de; For £adc is 
equal to Ledg (15. 1.Eucl.) and the Side eg is Parallel to 
the Side a c ( by ſuppoſition) and conſequently the Angle 
cad is equal to the Angle egd (29.1.) andacd is equal 
tro the Angle ged Wherefore ir ſhall be cd : ed:: ac: ge. 
Ws hich was to be Demonſtrated. 

Note. From hence appears the Miſtake committed by 
Monſieur Comters in DeBlegny's Zodiacus Medico-Gallicus. An. 
tio. pag 117. Who lays, Diameter Imaginis Solis in Diſtin- 
ta Baſt obtinebit ad minimum in ſua Diametro Funem ſeu Chor- 
dam Dimidi Gradus magni Circult Sphere, Cujus Vitrum eſt ſee- 
nentum. Whereas it ſhould be, Magni Circuli Sphere, cujus 
Radius eſt Diſtantia Focalis Yuri. 

What is here Demonſtrated concerning the Real Image 
of a Convex Glaſs may be accommodated to the Virtual 
Image of a Concave. 


Scholium, 


But if we. are yet more ſcrupulous, and will conſider 


alſo the thicknels of the Glaſs; Then the Point within the 
Glaſs 


; 


\ 
g 
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Glaſs from whence the Diſtance of the Diſtin& Baſe is to 
be counted, may be thus determin'd in a Plano-Convex 


Glaſs. Tab. 22. f. 2, kd m is a Plano-Convex Glaſs with +22. +2. 


ics Convex Side towards the Objet.abc; «d; cd, the Axes 
of Radious Cones talling Obliquely on the Glaſs in its Pole 
d ; Which (if the'Glals were not interpoſed}. would pro- 
ceed direftly on to p, p, but by the Glabs are now retracted 
into di, di; But at «i meeting with the Second furtace of 
the Glaſs , inſtead of going {trait onwards, / they are again 
Refracted into ze, ig, Parallel ro ad, cd. Ler ei, 23 be 
produced backwards till they Interſect the Axis b f an x, 
I {ay x is the Point in the Glafles Axis, from whence the 
Diſtance of the Diſtinct Baſe is to be reckon'd. And as the 
Thickneſs of the Glaſs dz : To the Diſtance of this Point x 
from the Inner ſurface Z X, : : So is the Co-tangent of the Angle 
of Incidence from Glaſs to Air : To the Co-tangent of the Refra- 
fred Angle. 

For to the Point of Incidence, 4 draw 1+ r /Perpendiculat 
to k m, . Here the Angle of Incidence from Glaſs to Air 
is lid=idx, and the Complement of id x3, is diz, whoſe 
Tangent is dz —_ iz Radius) and the Retracted An- 
ole is r4e=ixz3, Whole Complement is x iz, andthe Tan- 
gent hereof is x 2, | 

In Double Convexes the Cafe is ſomething different, bur 
tis needlels to inlarge any farther thereon. 

Wherefore we ſee, that if we uſe a Plano-Convex Glafs 
with its Convex-fnde towards the Object, and it we. allow 
for its Thickneſs, we are to: compute the Diſtance of the 
Object from the Pole of the Glaſs 4, - and the Diſtance of 
the Diſtin&t Bale from the. Point x. Bur ſuppoſing the 
Plane, Side towards the Object e f 2, then. we are to reckon 
the Diſtance of che ObjeR e f « from the Point x, and. the Di- 
ſtance of the Diſtin&t Baſe abc from d the Pole of the Glabs. 
Vid. Prop, XX VII. O Corol- 


w—_— — —— =. —— 
pe 
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( Corollary I, 

It follows from this Prop. XXVI. That the Diameter of the 
Sun ſubrending /an Arch of '32 Minutes in a- Great Circle 
of the Heavens , » the' Diameter of the Sun's Image, Repre- 
ſented in the Diftin&t Baſe of a Convex-glaſs, ſubtends an 
Arch of 32 Minutes in a 'Cucle , whoſe Radius is the Di- 
ſtance of the Diſtin& Baſe from che Glaſs. 

But Tab. 23. Fig. 1. b is a Convex-Glaſs, ab a Ray of 
Light proceeding 0 the Sun's Eaſtern Limb, 'd b a Ray 
from irs Centre, ©b a Ray from its Weſtern Limb. Ler 
the ſingle Glaſs b Repreſenc the Image of the San in the 
Diſtin Baſe 'b qi," 'and let us ſuppole the Sun's Diameter 
to be 32, Minutes. Draw 6h, bq, bi. Let ex\;f be an 
other Plano-Conyex-Glaſs, fo placed behind the Glals 6 that 
both theſe Glaſſes together (according ro Prop. XVI.) may 
Repreſenr the Sun's Image in the Diſtin& Bale k po: 'Tis re- 

Ired ro. find the. Breadth or Diameter & 0 of- this Image, 

om theſe Data, þ b q the Angle of the Sun's Semidiamerer 
16 Minutes, bq the. Focal Length of the Glaſs 6b, b f the 
Diſtance of yhe Glafles, 1p f' the Diſtance of che Diſtin&t Baſe 
from the Glaſs f x, e g the Radius of the Convexiry'e x 4, 
or inſtcad thereof, . the Focal Lengeh of the 'Plano-Convex 
Glaſs ex x f, for having one 'we' may calily obtain the 

er. 
\ We ſuppoſe that the "Central Ray 'd b x q is 'Co-incident 
with the Axis of the Glaſſes. 4 : 

Firſt therefore in the Right Angled Triangle þ b q; ' we have 
the Angle þ b q(and conſequently bþ q=bef) and b qto find bg. 
(2) Thenb f+fp=bp. Andbq:hq::bp:pn:: bf: ef. 
| 43) In the, Righr-Angled Triangle ef g, e f and e'y-ate 
known to find the Angle fe g. | 1 | 

_ (4) 180 
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(4) 480 —bef —feg=yeb=yehb, Which-is 'che*Angle 1 2 
of the Inclination of -the Ray b e on the Convex ſurface er. © 
(5) 300: 193: : 5 4beg: 5.4bel,, Wherefore 'the Ray 
by its firſt Refraction would proceed in el. 
(6) Draw me Perpendicular to the Plane Surface e f, then 
ef=mp. And me==pf. And 1p—mp=nm; And the Angle 
nem is = to qbb,' Andbel — nemis = tomel, Which is 
the Inclination of the Ray on the” Plane Surface e f. 
(3) Then 193': 300 :: s.4mel : 5. 4 mek. 
(8) In the Right-angled Triangle mek, me and the Angles 
are known to find-m1 k. | | 
(9) Laſtly nm + mk = 1k, and'pn— nk=pk=tho; 
Which was required to be found. 


Corollary 2. 


The foregoing Trigonometrical Calculation in the firſt Co- 
rollary I had from my Eſteem'd Friend Mr. John Flamſteed Aftr. 
Reg. Bur Inſtead thereof, or as an Addirament thereto, 1 ſhall 
ſubſtirate this Pxoblem. | 


f, a AED Ogre gy mn Ops top>» 


To Determine the Breadth of the Diſtinf Baſe Reſulting from 
the Combinations of Glaſſes expreſſed in Prop. XVI, XVII, XVIIL 
There being given (together with the Data in thoſe Propoſitions) the 
Breadth of the Objeft, or the Angle it ſubtends before the outer- 
mot Glaſs, And if it be ' a nigh Objeft, its Diſtance from the ou- 
termoſt Glaſs. 


We here ſuppoſe our Glaffes'of the leaſt Thickneſs Ima- 
ginable, or that all-the Retractionsare performed in the Righe 
Line, that paſles' through the Glafſes Breadth at Right Angles 
to the Glaſles Axis, for avoiding Confuſion in the Schemes. 


Q 2 Where- 


T:24- F.1, 
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Wherefore in Tub. 24. Fig. 1, 2, 3, 4, 5- bis the Glaſs next * 
the Object, whether Convex ' (as in Prop. 16, 17.) or Con- 
cave (as in Prop. 18.) We ſhall take the Sun for -our Ob- 
ject, and ſuppole 4 ba Ray proceeding from irs Eaſtern Limb, 
db a Ray from its Centre, c b a Ray from ies Weſtern Limb. 
Ler-che ſnple Glaſs 6, in che firſt and ſecond Figures, Repre- 
ſent che Image of the Sun in the Diſtint Bale þ qi. The 
Breadth of che Baſe þh qi is eaſily obraind fromthe Data. Let 
e f x; be another Glaſs, ſo placed behind the Glaſs 5, that 
both theſe Glaſſes rogether may Repreſent the Suns Image in 
the Diſtint Baſe k po, Tis required ro find the Breadch or 
Diameter k 0 of. this Image from theſe. Data ; b q'the Focal 
Length of the Glaſs b ; The Breadth of the Image hi, or the 
Angle abe=ebz; The Foca| Lengrh of the Glaſs e 3; The 
Diſtance of the Glaſles f þ and p f the Diſtance of the Diſtin& 
Baſe from the Glals e z, 

Through p: at Right-angles to the Axis d 5b f p of the Glaſ- 
ſes es. po infinicely. Firſt from theſe Dara, ler us obtain 
the Breadth of che Glaſs e 3, where che Rays be, b z, meet 
ic, or its half breadth e f, which is cafily had in the Right-an- 
pled Triangle e f b, the Angle ebf, and the Side f b being 

Ven. 

Ler us then conſider þ as a radiating Point, either farther 
from or nigher to the Glaſs e z than ics Focus; And by Prop.V. 
and YI. for Convexes, and by Coro. XV. for. Concaves, let 
us determine the ReſpeRive, Imaginary, - or Virtual Focus s, 
. whereby we obtain fs. From s draw se, 5x, diretly ; 
Where thele Lines se, s x, meet the Diſtin& Baſe ink x9 0, 
chere the Breadthof the Diſtin& Baſle is determin'd ; To'ob- 
tain the Meaſure whereof, lay as sf :fe + Sp:pk=pom; ko. 

And note that in Fig. 1 and 3, 5 p=s f—pf. But in Fig, 

Z, 4.3 sp=5 f+fþ. 


-» 
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Corollary 3. 


If the Glaſs be a Compleat Sphere; Then, as the Diſtance 
of the Object from the Centre of the Glaſs : To the Breadth 
of the Object : : So che Diſtance of the Image from the ſame 
Centre of the Sphere :: To the Breadth of the Image. 

This is Manifelt from Tab. 23. Fig: 2. Whereby ir appears, 723. Fa: 
that a Glals Sphere s pc expoled to an Obje& ab; From each 

int 4, b, of the Object there proceeds one certain Ray a cn, 

C m, which paſles Uaretrated; | And theſe Rays Crol in the 
Centre c of the Sphere, by which means they are Perpendicu- 
lar to. both Sides of the Sphere, art their iagids and Egreſs, and- 
ſo paſs Unretracted. 


Corollary 4. PxOBL. 


The Diſtance of aw. Objeft, and its Diameter being hoo; "tis 
required to pm its Image. in.the Diſtin#t Baſe under 
a given Meaſure ; The Thickneſs of the Glaſs bemg given 
alſo. | 
This is the 52 Problematical Propoſition of Gregoris Opt: 

Promot. And is thus ſolved by our Doctrine, 
Tab. 24. Fig. 6. av b is an Obje&t, whole Diameter a bT24 £6 

is given, and its Diſtance from the Glaſs v4 is given allo : - 

'Tis required to. Project this Object under a Given Meaſure m n; 

The T hicknels of che Glaſs 4 d being al(o- given.'" Let it be 

made, As' 4b: vd::: mn; di. Then ſtrike the 'Arch 'x'd x 

wich ſuch a Radius, that the Rays flowing trom rhe Point''v 

may thereby be tranſmicred Parallel. within the. ' Body ot-the 

Glaſs (which fhall be by the foregoing Doctrine, by making 

+ ud the Radius) Afterwards ſtnke'the Arch-4.d& withila 
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a Radius, that it may Unite the Parallel Rays at i, which ſhall 
be by making 4 di the Radius : I fay the Glaſs z x ſhall pro- 
ject the Image of a b under the given Meaſure mn. This is {o 
manifeſt from Prop. IX. together with the foregoing Doctrine, 
that it wants no farther Explication, 

Note. I have here conſider'd the. whole Thickneſs dd of the 
Glaſs in Conformity to Gregory? Propoſition. Bur what fore- 
goes concerning the Conſideration of the Glafles Thickne(s 
may be apply'd here. 


Pxoe. XXVIL 


The hes and its Image in the Diſtinft Baſe are Reciprocal. 
vid. Prop. VI. 


Taz.Fu. Tab. 22. Fig. 1. abc being an Objeft, and the Convex 
Glaſs k m Repreſenting the Image thereof in the Diſtinct Baſe 
e f g. Let us now conceive ef g an Object, I lay the ſame 
Glaſs k m the ſame way poſited project the Image there- 
of in the Diſtin&t Baſe at a b c. 
This does neceſſarily follow from the precedene Propoſi- 


tion, and from Exp. 8. And therefore needs no farther De- 
mon 


Corollary. 


Hence ic follows that the Image in the Diſtint Baſe may 
be ſometimes larger than the Object. On which depends the 
Doctriace of the -double Microſcope, as hereafter ſhall appear 
more fully, 

Let us imagine the Image of the Sun projefted in the Focus 
of a Convex-glaſs, And let us now conceive the Converſe,vix. 
That this Image were now the Real Sun, the Diſtint Bale 

x of 
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of this would be as Large and as Remote as'is-now the Ral 
Sun. So that every Convex-glaſs may be conceived” to have 
ewo Foci, or Diſtinct Baſes; one at the Obje&, tother at the” 


Image. 
" Pxoe. XXVIIL 


The manner of Plain Viſion with the naked Eye is expounded. 


Tab. 25. F. 1. abc is an ObjeR, ik lem is the Globe of 
che Eye, furniſh'd with all irs Coars and Humors ; But” in this ** © 
Figure we have only expreſled the Cryſtalline Humour 9 0b, 
as being Principally concern'd in Forming the Image on the 
Fund of the Eye. %s 

(1) From each Point in the Obje&t we may Conceive Ra 
Sod on the Pupil of the Eye i k; as here Go the middle 
Point b, there proceed the Rays bg, bo, bb; Thele by 
means of the Coats and Humours of the Eye, and eſpecially 
by the Chryſtalline Humour g b, are refracted and brought to- 
_ on the Reta or Fund of 'the Eye in the Point e, and 
there the Point b is repreſented. For we may conceive the oy 
ſtalline Humour g þ as it were a Convex-glals, in'the Hole 
of a Dark Chamber il m k, and thar de f 1s the Diſtin& Baſe 
of this Glaſs. What is here faid of the Point b,- and its. Re- 
preſcenration at e, _ be underſtood of all the other Pomnes 
in the ObjeR, as of a and c and their Repreſencations at f 
and d. | | 
(2) And as ina dark Chamber, that has a ' Hole furnifh'd* 
with a Convex-glaſs, if the Paper, thar is to receive the' Image 
in the Diſtin& Baſe, be either nigher to, or farther from the: 
Glaſs, than its due diſtance, the Repreſentation thereon is'con- 
fuſed ; For then the Radious Pencils dp nor exadtly derermine 

with their Apices onthe Paper; But thoſ®front one Patht ate 
mixt and confuſed with thole from the Adjacent Points: ſo " 
r 
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the Caſe of Plain Viſion, 'tis requiſite that the Pencils ſhould 
exactly derermine their Apices at d,e,f, on the Retina, or llc 
Viſion is nor Diltin&t. 

'Tis therefore contrived by the Moſt Wiſe and Omnipotent Fra- 
mer of the Eye, That it ſhould have a Power of adapting it 
ſelf in ſome Meaſure ro Nigh and Diſtant Objects. For | In 
require different Conformarions of the Eye ; Becauſe the Rays 
proceeding from the Luminous Points of Nigh Objects do more 
Diverge, than thoſe from more Remote Objects, 

But whether this variety of Conformation conkilt in the Cry- 
ſtallines approaching nigher to, or removing farther from the 
Retina ; Or in the Cryſtallines afluming a different Convexity, 


. Jometimes greater, ſometimes lels, according as 1s requiſite, [ 


leave ro the ſcrutiny of others, and particularly of the curious 
Anatomiſt. This only I can fay, that either £ thele Methods 
will ſerve to explain the various Phanomena of the Eye; And 
lam aptto believe, that both theſe may attend each other, wiz, 
a Leſs Convex Cryſtalline requires an Elongation of the Eye, 
and a more' Convex Cryſtalline requires a thortning thereof ; 
As a more Flar Convex Objedt-glaſ or of a Larger Sphere re- 
quires a Longer Tube, and one more Protuberanct, bulging or 
of a ſmaller Sphere requires a ſhorter Tube. 

(3). By the forementiond Scheme we Jeneeive, the Rays 
from cach Point of the Obje& are all contuled together on the 
Pupil in gh, ſo that the Eye is placed in che Point of the 
Greatcſt Confuſion : Bur by means of the Humors and Coats 
thereof each Cone of Rays is ſeparated , and brought by ir 
ſelf ro determine in its proper Point on the Retima , there 
Painting diſtinctly che Vivid Repreſentation of the Object ; 
Which Repreſencation is there. perceived by the ſenſitive Soul 
(whatever.it be) the manner + whole Actions and Paſſions, 


He only knows who Created and Preſerves it, Whoſe Ways are 
| Paſt 
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Paſt finding out, and by 5 unſearchable, But of this Moral truth 
we may be aflured, That He that made the Eye "#1 ſee. 

(4) Ve arelikewiſe to obſerve, that the Repreſentation of 
the Obje&t a bc on the Fund of the Eye f ed is Inverted. For 
ſo likewiſe it is on the Paper in a dark Room ; there being 
no other way for the Radious Cones to enter the Eye or the 
dark Chamber, but by their Axes @ 0, b o, c o, crofling in 
the Pole o of the Cryſtalline or Glaſs. And here it may be 
enquired ; How then comes it to pals that the Eye ſees the Ob- 
ject Ereft ? Bur this Quzry ſeems to encroach too nigh the en- 
quiry into the manner of the Viſive Faculties Perception; For 
'tis noe properly the Eye that ſees, it is only the Organ or [a- 
ſtrument, is the Soul that ſees by means of the Eye. To en- 

uire then, how it comes to pals, that the Soul perceives the 
Object Eret by means of an Inverted Image, is co enquire in- 
ro the Souls Faculties; which is not the proper ſubject of this 
Diſcourſe. Bur yer that in this Matter we may offer at ſom- 
thing, I ſay, Ere#t and Inverted are only Terms of Relation to 
Hp and Down, or Farther from and Nigher to the Centre of 
the Earth, in parts of the ſame thing: And that that is an 
Ereft Object,makes an Inverted Image in the Eye, and an Þn- 
verted Object makes an Eref# Image ; Thar is, thar part of 
the Object which is fartheſt frem the Centre of the Earth 1s 
Painted on a Part of the Eye Nigher the Centre of che Earth, 
than the other parts of the Image. But the Eye or Viſtve Fa- 
culty takes no Notice of the Internal Poſture of ics own Parts, 
bur uſes them as an Inſtrument only, contrived by Nature tor 
che Exerciſe of ſuch a Faculty. 

But co come yer a little nigher this difficulcy 3 This enquiry 
reſults briefly tro no more than this, How comes it to pals, that 
the Eye receiving the Repreſentation of a Parr of an Object on 
that part of its Fund which is Lowermoſt or nighelt the Centre 
of the Earth , perceives that part of the Object as _— 

P m/ 
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moſt or fartheſt from the Centre of the Earth? And in 
anſwer to this, let us imagine, that the Eye in the Point f 
receives an Impulſe or Stroke by the Protruſion forwards 
of the Luminous Axis ao f, from the Point of the Ob. 
jet a ; Muſt not the Viſive Faculty be neceſſarily directed 
hereby to conſider this ſtroke, as coming from the Top a, ra- 
ther cr from the bottom c, : and _— ſhould be dire- 
Red to conclude f the Repreſentation of the Top ? 

Hereof we may be ſarisfy'd by ſuppoſing a Man ftanding on 
his Head : For here, tho the Upper Parrs of Ob;edts are painted 
on the Upper Parts of the Eye, yet the' Objets are judged ro 
be Ere. And from this Poſture of a Man, the Reaſon ap- 
pears, why we have uled the Words Fartheſt from, and Nighe/t 
to the Centre of the Earth, rather than Wpper and Lower. For in 
this Poſture, becauſe the Upper Parrs of the Obje&t are painted 
on that part of the Eye nigheſt the Earch, (though really che 
upper Parr of the Eye) they are judged to be farthelt removed 


| from the Earth. 


What is ſaid of Ere# and Reverſe may be underſtood of Si: 
niſter and Dexter : Bur of thefe Phyſical Conjeftures enough. 

(5) The Image of an Freft Object being Repreſenced on 
the Fund of the Eye Inverted, and yer the ſenſitive Facul 
judging the Object Ere; ir follows that when the [mage- of 
an Freft Object is Painted on the Fund of the Eye Eref, the 
ſenſe Judges chat Object to be Iverted; 

This is a neceſſary Concluſion, and is of conſequence for 
explaining ſome Particulars that follow: 

(6) The Magnitude of an Object is Eftimated by the Angle 
the Object ſubtends before the Eyc : Thus in' the ſame fore- 
mention d Tab. 25. Fx. 1. the Length of the -Objecr ac 


723.F.1 1s eſtimated by the Angle aoc=f 0d, this we call Te Optick 


Angle, 


From 
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From hence,& from Prop.XXVI,X:XVILic follows,that if the 
Eye were placed inſtead of the Glaſs at d (T:22.E.1.)and abc or T:2. F. 
e f g were Objects,the Eye would perceive themof EqualBigneſs. 

| know very well the Point o, which is the Vertex of the O 
tick Angle,is variouſly aſſigned by various Authors; ſome pla- 
cing it in the Centre of the Eyc ; Others in the Vertex of the 
Cryſtalline ; Others in the Vertex of the outward Coat or Cor- 
nea of the Eye : But 'tis a Matter of no great conlequence,where- 
ever we place it; tor according to the Bignels of this Angle 40 c, 
the Image on the Fund of the Eye is Bigger or Lels. Vid. Tacquet 
Optica, Lib. 1. Def. 4. and Prop. 3. 

[ know likewiſe, that by a curious Experiment in Opricks 
diſcover'd by an _— French-Man Monſieur Mariotte, 'tis 
controverted, whether the Retma or Choroide be the Seat of Vi- 
ſion, or the Place on which the Pictures of ourward Objects 
are expreſſed (vid. Philoſoph. Tranſat. Num. 35. and 59.) Bur 
ro our buſineſs it matters not which of them we pitch on; 
and therefore | chule to ſpeak as commonly 'tis preſumed ; and 
mention the Retina, © or rather the Fund of the Eye, as the Place 
that receives this Picture, 

(7) In the ſame (Tab. 25. Fig. 1.) We perceive the Rays 7****: 
that low from the Point b do proceed to 6 Eye Divergmg, 
as by, bo, bh ; And it the Object ac were infinitely diitanr 
from the Eye, or ſo diſtant from the F ye, that the Breadth of 
the Pupil i k were inſenſible in Compariſon to this Diſtance, 
then theRays bg, bo, b b, would proceed as it were Parallel, 
and ſo fall on the Eye: In both which Caſes, by means of the 
Retractions inthe Eye, they are brought together, and paint the 
Image of the Point b on the Fund of the Eye ate. Vid. Gregorii 
Opt. Prom. Pr. 30. 

But in Tab. 25. Fig. 2. If the Diverging Rays bv, bx, that T2z.F2. 
flow from the Point b, meet the Convex Glaſs » x, and are 
thereby made to converge as vi, xk, and lo fall on the Eye, 

#. and 
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and there paſſing through the Cryſtalline g b, are made to 
Converge yet more as i.e, ke; Here they crols in the Point e, 
before they reach the Retina r t, and conlequently do painr 
thereon the Image of the” Point b confuſedly, for 'tis Painted 
on the ſpace rt; whereas to caule diſtinCt Vilon, it thould 
only - __ on a correſpondent Point on the Retina. 
t 


And this is the Fauſt of their Eyes, who are called Whopes, 
Purblind, or Short: ſighted. For in them the Cryſtalline is too 
Convex (as in this Tab. 25. Fig. 2. both the Convex Glaſs 
and Cryſtalline joyn'd together make too great a Convecxity) 
uniting the Rays betore they arrive at the Reta. ' And there- 
fore they are helped by Concave-glaſſes, which rake off from 
the too great Convexity of their Cryſtalline ſome part of_is 
Refractive Pawer : Or rather theſe Concaves make che Rays 
Diverge ſo, that their Cryſtalline ſhall be ſufhcient only ro 
bring them again together, fo that they be not united, till 
they arrive at the Fund of the Eye. 

Mhopes are alſo helped by holding the Object very near; for 
then the Rays that fall on their Eye trom any ſingle Point do 
more Diverge, than when the Eye is farther from the Point, 
and conſequently their too Convex Cryſtalline does but ſuffice 
to bring them together on the Retina. | 

(8) On the contrary, the Eycs of Old Men have their Cry- 
ſtallineroo Flat (as Tab. 25. Fig. 3.) and cannot corre the Di- 
vergence of the Rays b i, bk, tomake them meet on the Reti- 
1a r t, but beyond the Eye at e. Wherefore for their Help 'tis 
requilie they add'the Adventitious Convexity of a Glaſs ; that 
bot it and the Cryſtalline cogerher, may be ſufficient to unite 
the Rays juſt at the Retina: And from hence it appears, that 
Spectacles help Old Men, not by magnifying an Object, bur 
by making ics Appearance Diſtin& ; for Old Men cannot 
rea;l the largeſt Print without Spectacles, and yer with Spe- 
Qacles, they read the imalleſt , though theſe with Specta- 

cles 
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cles do not appear fo large, as thoſe without SpeRacles. 

(9) What is ſaid of the Covfuſed or Diſtin Repreſentarion 
of a Pont in the Ovjet, may be underſtood of the Confuſed or 
Diſtinft Repreſentation of the w..ole Object ; arleaſt tor thoſe 
Parrs that lye pretty nigh adjacent to that Point that is looked 
ar. For here we do not take a Point in the ftrict ſenſe of the 
Mathematicians, but in a Phyſical Senſe, for the ſmalleſt Parr 
imaginable ; or as we have aſſumed it in the firſt ſuppoſicion. 
And the whole Object conſiſting of ſuch Points, what is ſhewn 
of one Point may be underſtood of every Point in the Object, 
that 1s, of the whole Object. 

(10) Tis Requiſite alſo (before I proceed farther) to ex- 
plain, what I mean by Clear Viſton, and Faint Viſion; Diftintt 
Viſion, and Cnfu/ed Viſion. 

By what foregoes, I ſuppoſe theſe rwo latter Terms are pret- 
ty well underſtood, viz. Diſtm# Viſion is then cauſed, when 
the Pencils of Rays from each Point of an Object do'accurate- 
ly determine in Correſpondent Points of the Image on the Re- 
tina : Confuſed Viſion on the contrary, when thele Pencils do 
intermix one with 'another. 

Bur Clear Viſion is only cauſed by a Great Quantity of Rays 
in the ſame Pencil, illuminating the Correſpondent Points of 
the Image ſtrongly and wigorouſh. 

Faint Vition 1s then when a Few Rays make up one Pendl ; 
And tho this may be Diſtin&, yet 'tis Dark and Obſcure, art leaſt 
not ſo Bright and Strong, as if more Rays concurr'd. 


Of Single Glaſſes apply'd to the Eye. 


Hitherto I have ſpoken of Glaffes by themſelves ; And of- 
the Eye by ir (elf : I come now to conſider chem both co-- 
gether. | 


Bur- 
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But firſt 'tis to be Noted, that when we ſpeak of the Di- 
ſtint or Confuſed Appearance of an Object, 'ris needtul only to 
explain my {elf concerning ſome one ſingle Poinr in the Ob- 
ject ; and for this we chule the middle Point; for it we ſhew 
that ſingle Point in the Object to be Diitinttly or Confuſed'y Re- 
preſented on the Retna (according to the XXVIl. Prop.) te 
lame may be underſtood of the Adjacent Points 1G the Co- 
ject. G 
. Burt when we diſcourſe of the Ereft or Inverted Appc:rance 
of an Obje&t: Or of the Magnify d or Dimiiſhd Appcirance 
of an Object ; 'tis requiſite we conſider the whole Object. For 
a ſingle Point, though Phyſical, cannot properly be contiler d 
as Ereft or Inverted, or Magnify d or Dimmiſh d. 

So that we perceive Diſtintt or Confuſed Viſion to depend on 
the Formation of Rays proceeding from each fingle Pojnt. Bur 
:Ereft and Inverted, or Magnify'd and Dimmiſh d Appearances 
depend on the Conſideration of Rays proceeding from diffe- 
xent Points of the Object. I ſhail always conſider thoſe, that 
procced from the extremities of the Object. 


PrxoeFr. XXIX 


An Objett ſeen through a Plain Glaſs whoſe Surfaces are Pa- 
rallel is Magnify thereby. 


This Propoſition being directly contradiftory to what 


HoxnoxaTus FaABER aflerts in the XLIIL Prop. Sec. 2. 


T26.F.1. Of his Synopſis Optica, 1 ſhall mark my Tab. 26. Fig. 1. with 


rhe ſame Letters wherewith he marks his 8gth Fig. He ac- 
knowledges that the Apparent Place of an Object is changed by 
a Plain' Glaſs ; but not that the Viſual Angle is alter'd there- 
by. . Bur I ſhall ſhew that the Optich Angle is Magnify'd 
thus; Let m | be a Plain Glals, a b an Objeft, a f a Ray pro- 
* * duced 


C oor [| 
duced diretly to g, bur Refradted into f i; Andatiuts Emer- 
lion from the Glals at i, Refracred again into 4h, - parallel co. 
a f g. (by Experim. 1, 2.) Produce i þ directly towards k ; let 
the Eye beath, draw ha. The Angle,under which the Ob- 
ject ab appears through the Glaſs m! to the Eye ath, is th b; 
or k þ b, which is certainly greater than a þ b, which is the na- 
rural Optick Angle. Wherefore the Eye at þ through the 
Glaſs ſees the Object a b, under a greater Angle than ic would 
do without the Glaſs, and conſequearly the Object is magnify d.- 
by the Glaſs. Which was to be Demonſtrated. 

Bur that which deceived Fas ex is, that becauſe the An» 
gle a gb is equal to the Angle k hb, cherefore (lays he) the. 
Oprick Angle with and without the Glaſs are the ſame ;. or (as 
he has it) the Eye at s withour the Glaſs would ſee the Object. 
ab under the Angle agb, and through the Glaſs the Object. 
is ſeen under the Angle kb b equal to a g b: Which is grant- 
ed him. Burt this does only prove; that the naked Eye at g, and, 
the Eye through the Glafs ar h, ſees the Objectunder the fame. 
Angle. Whereas he ſhould have-proved (if it were-poflible). 
that che naked Eye at h, and the Eye through the Glals at. h, 
ſees the- Objects under the fame Angle ;. And then indeed. he 
had-rightly proved what he propoted, viz. that che Oprick 
Angle is not magnify'd by che [nterpoſicion of | che Glaſs: ' For 
'tis not Mathematical, firft to place the Eye at y without the 
Glaſs; and then ar þ with the Glals, - and proving the-Optick 
Angles the ſame, to conclude that therefore the Plain. Glaſs 
does not magnifie. For-at that rate one may ſhewthart even 
a Convex Glaſs does: not magnifie; For at one Station an Object 
{hail appear under as'great ar Angle without it, as at anotber. Sas 
tion thro«2þ- the Glals. 

The Realon, why the Common Window Glals,&c. throug|, 
which we look, cautesno ſenfible Alteration of. O-jecas,. is ;b&- 
caule 'tis roo Thin. Vid. Barrow Lett, Opt. 15. 


Con = 


T'.26. F.2. 


ET 


Coriceraing the Apparent Place of an Object through a Plain 


Glaſs, more hercafter, 


PxoPe. XXX. 


All Objefts ſeen Ereft through Convex Glaſſes are Magni- 
yd thereby. 


Tab. 26. Fig. 2. Let axb be an ObjeR, o the Eye, draw 
aeo, bdo, directly ſtrait trom che extremities of the Object 
ro the Eye. TFhe Angle compriſed by the Direct Rays 4 e 0, 
bdo, that is the Angle ao b, is the Natural Optick Angle. 
Let now the Glaſs c f be interpoſed; here becaule the Rays 
ae, bd, would naturally and by their Dire courſe concur ar 


0, now the Glals is incerpoſed, their Concourſe ſhall be acce- 


lerated before they arrive at o. Wherefore the Eye at 0 ſhall 
not perceive the extremities of the Object chrough the Glas 
by che Rays a e, bd, bur by ſome other Rays, And theſe 
other Rays muſt fall enher without (that is, tarther from the 
Axiso x, than) ae, bd, or they muſt fall within ae, bd: Bur 

cannot fall withn ae, bd; for if ae, bd themſelves be 
made by the Glaſs ro concur before they arrive at 0, much more 
{hall any other Rays that fall within ae, bd, be madeto concur 
before they arrive there : And conſequently they cannot convey 
the Appearance of the Extreme Points a, b, to the Eye art 0, 
Wheretore it remains, that the Rays that do this mult fall with- 
out ae, bd: Let thele Rays be ac, b f, which by the Refra- 
ive Power of the Glaſs are bent from their Dire&t Courle and 
are made to proceed in c 0, f 0, crofling at the Eye in 0; Here 
the Optick Angle through the Glaſs is c of, which is greater 
than the Natural Optick Angle a 0 b, and conſequemly the Ob- 
jeR is Magmfy d. Which was to be Demonſtrated. 


Prop. 


[.rr3,] 
Pzxoe. XXXL. 


Concerning the Apparent Place of Objefts ſeen thraugh Convex- glaſſes. 


(1) In Phin Viſion the Efimate! we make of the Diſtoue. 


of Objects (eſpecially when fo far. removed, that the Incer- 
yal berween our two- Eyes, bears no fenſible Proportion there- 
to ; or When lookd upon with one Eye only) is rather the 


Act of our Judgment, than of Senſe ; and acquired by Exerciſe ' 


and a Faculty of comparing, rather than Natural. For Diſtance 
of it ſelf, is not to be perceived; for 'tis a Line (ora Length) 
preſented to our Eye with its End towards us, which muſt 
therefore be only a Point, and' that is. Invi/able, Wherefore 
Diſtance is chiefly perceived by means of Interjacent Bodies, as 
by the Earth, Mountains, | Hills; Fields, Trees, Houles, &c. 
Or by the Eſtimate we make of the Comparative Magnitude of 
Bodies,” or of their Faint Calours, ©. Thele I ſay are the Chief 
Means of apprehending the Diſtance of Objects, that are con- 
ſiderably Remote. But as to nigh Objects, ro whole Diſtance 
the Interval of the Eyes bears a ſenſible Proportion, their Di- 
ſtance is perceived by the turn of the Eyes, or by the Angle 
of the Oprick Axes. (Gregor Opt. Promot. Prop. XX VIII.) Thus 
was the O pinion of che Antients, Alhazen, Yitellio, &c. And 
tho the Ingenious Jeſuit Tacquet (Opt. L:b.l. Prop.ll.) dilapprove 
thereof, and Objects againlt it a New Notion of Gaſſendus 
(of a Man's ſeeing only with one Eye at a Time one and the 
ſame Object) yet this Notion..of Gaſſends being ablolutely 
Falſe (as I could Demonſtrate, were it not beſide my Preſent 
Purpoſe, bur I refer to the 7th Chap. of the 2d Parr.) ir makes 
nothing againſt this Opinion, 

(2) Wherefore Diltance being only a Line, and not of it 
ſc}f perceivable ;. it an Object - were convey'd to the Eye by 


Q one 
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one ſingle Ray only, there were no other means of judging of 
| ics Diſtance, but by ſome of choſe hinted before. Theretore 
Ds when we eſtimate the Diſtance of nizh Objects, eicher we take 
«the help of both Eyes, or elfe we conſider the Pupil of one 
Eye as having Breadth, and receiving a Parcel of Rays from 
| cach Radiating Point. ' And according to the various Inclina- 
| tion of the Rays from 6ne Point, on the various Parts of the 
Pupil, we make our Eſtimate of the Diſtance of the Object : 
And therefore (as is fad before) by one ſingle Eye we can 
only Judge of the Diſtance of fuch Objects, ro whoſe Di- 
ſtance the Breadth' of the Pupil has a ſenſible Proportion, To 
illuſtrate all this by Tab: 26. Fig. 3. Let @ be a Radiating 
Point, ſending forth the Rays ad, ae, af, ag, 4b, with all-the 
intermediate Rays. Let p « be the Breadth of the Pupil, and 
f:{t placed at c, there receiving _ ae, af, ag: Lea pu bt 
tranſlated rob, where it receives all the Rays ;- and 'ris manifeft 
that the Rays from a are differently inclined on che Pupil in 
one and des Poſture, for the Rays, - which fall on the Pu- 
il when placed at b, diverge very much more than choſe that 
|l upon it, when placed at c: And therefore che Eye, or Vi- 
ſiral Faculty will apprehend the Diſtance of a from b and cto 
be Different, For it is obſerved before (Prop. 29. Sed. 2. fee 
alſo, Gregorii Opt. Promo. Prop. XXIX.) that for viewing Ob- 
jects. Remote and Nigh, there are Requiſice Various Conforma- 
tions of the Eye: The Rays from Nigh Objects, that fall on 
the Eye, Diverging more than thoſe Tia more Remote Ob. 
ects. 
(4) If therefore by Refraction through Glaſſes, that parcel 
of Rays whichfalls on the Fupil frotn each Point ini Nigh Ob- 
[ jects be made to flow as doſe together as thoſe from Diſtant 
7 Objects; or the Rays from _ Objects be made to Di- 
'Y verge, as much as if they flowd from Nigh Objeats,. the Eye 
| through luch Glafles fhall perceive the Place af the ObjeFt chan- 
| ved, | (5) Bur 


" T3a6&E3 
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(5) But firſt fora ſenſible and common Experiment, to ſhew 


the Change of an Objects Place by Refraction. . Tab. 26. F, 4.725 F4 


reprefents a Veſſel; on whoſe Bottom art a there is laid a piece 
of Mony, or any. other remarkable Obje&, fo that the Eye 
at 0 may jult-perccive the Mony over the Edge c of the Vefſlel. 
The Mony now .appears to the Eye 0 by ' the dire& Line 
4 £ 0, Let now the Veſſel be filld with Water up to 2 fb; let 
the Ray af proceed from the Mony, and draw pf perpendi- 
cular to gh; the Ray af, inſtead of going onwards Freatly ro 
d, emerging from Water, a. denſe Medium to Air, defledts 
from the perpendicular pf ; and becomes ( ſuppoſe ) fo. 
Wherefore the Eye 0, now the Veſlel has Water inv ir, ſees the 
Silver, not by the direct Ray aco (for that is bene from ir, 
and eſcapes it) but by the retracted Ray afo.' Produce of 
directly-cob, 'the Mony ſhall appeas as if it were at b. For the 
Eye is not ſenſible of che bending of the Ray, bur is affeted 
by ir, as if ic were diretly ftrair. 

(6) In like manner Tab. 26. F. 5. it the Point c ſend its Ray 
ce obliquely on the plain Glaſs ab; and after a double Re- 
fraction it arrive at.the Eye 0'; This Point c is not now ſeen 
in its own proper Place, but ſomewhere in the Ray og produ- 
ced, as at f. For the Eye is not ſen{ible of the outward acci- 
dencal-Retra&tion, thar attends the Ray ar irs paſſage through 
the Glaſs; but is direfted by the next immediate Ray. og that 
falls upon it, | and conkiders it as ſtrait,” and coming diretly 
from the Poine f. T 261 


I ay moreover, that by a plain Glaſs, the place of an Ob- 


je&t is changed, and brought nigher the Eye. Tab. 26. F., 6, 7*%*< 


c is an Object ſending its Rays cd, « e, the plain Glaſs 
a b ; thele after a double Refraftion proceed (by ſuppoſition) 
in 24, hk. Produce theſe directly towards f; and ſuppoſe the 
Pupil of the Eye large enough to-receive the Rays 2 i, bk ; the 
Point c ſhall appear ro the Eye as at f, 


Q 2 (7) 
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(>) To determine the Locus Apparens of an 0bjett placed nigher 
a Convex-olaſs than its Focus. 
To | —_ this, we are to have, the Power of the Glaſs, 
ta 


the' Diſtance of the Obje&t from the Glaſs, and the Length of 
the Obje& given. Tab. 27. Fig. 1. abc 1s an Objeft, whole 
Diſtance from- the” "Glaſs b x is given. ' Ler us ſuppoſe the 
Glaſs of the leaſt thickneſs imaginable, that we may not be 
ar the trouble of conſidering the Oprick Angle, both at the 
Immerſion and Emerſion. Let the middle Point. b Radiate 
upon the Glaſs, and after the Rays. have paſled the Glaſs, ler 
them be ſo-Refracted, as if they came directly from the Point 
e. From: the faremention'd Data, this Point e, being- the 
Imaginary Focus, - is eahly determind by Prop. VIII. hereof : 
Through.'e draw the Infinite Right Line 4 e f Parallel to 
abc. Wherefore: as the. Locus Apparens of. the Point b is ar e, 
{o/ the Loci- of the Collateral Points a, c, ſhall be ſomewhere 
in the Line de f ( unlef? perhaps Convexes on very ſmall 
Spheres, will Repreſent the Object. Crooked or  Bowed, but 
of this we ſhall rake: no notice) /ro: determine ' which, from 
the, Vertex of the Glaſs z draw -the Lines 3 a d, xz cf (or 


if the Glaſs have any Thickneſs, as in Tab. 27. Fig. 2. from 


the Vertex of Immerſion, or outward Vertex, draw z a, 2c; 
And, from the Vertex of Emerſion | or Inward Vertex, draw 
24, &f, Parallel ro-F a, 2c; and then the Thickneſs of the 
Glaſs muſt, be ane. of the Data. Yid.:/ Prop; 47. Gregorii Opt. 
Promot. ) the Points d and f are the Loci . Apparentes of the 
Poms 4 and. .c.. For certainly were the Eye behind the Glaſs 
jult ar: 3, rhe Obje&t-a bc, would appear under _the - Angle 
azc, and. the /Poiat þ would appear /as at. e, and therefore 
the Points 4 and c -would appear ſomewhere, fo 'as to make 
the Object keep the ſame Angle ;, But that can only be by 
che Points 4 and c appearing at d, and f, (ſuppoſing the Object 
to appear in irs own Natural ſtrait ſhape) . Wheretore d and. f 


arc 
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are the Loci of the Points a and c, and def is the Lucus' of 
the Object a bc. 'P | 

Hence it appeats, that a Convex-Glaſs Repreſents Objects 
as farther off "a really they are : And this is the Ren: 
why Pieces of Perſpective (as of Churches and Long Porti- 
cecs) appear very Natural and ſtrong through Convex-Glal- 
ſes duly apply'd. For theſe Glafſes making Objects appear 
further a+ 1 x-h really they are, muſt conlequencly make the 
Parrs of the Perſpective ſeem really Hollow'd or funk in, the 
French term it Renfonce. | | 

Hence allo tis Manifeſt, why Convex-Glafles help the Eyes 
of thoſe, that ſee only Diſtant Objects, as.01d4 Men, for theſe 
make Nigh Objects appear as Diſtant. Vid. Prop. XXVIIL 
Sec. 8, ; 

We may perceive allo that the Diſtance between: the Ob- 
ject and Glaſs continuing the fame, the Locus Apparens is ne- 
ver alterd, though the Eye be removed to and from the 
Glaſs. Gregor Opt. Promot. Corol.” Prop. XLVIL For the D+ 
ſtance berween the Object and Glals continuing the ſame, the 
[Imaginary Focus e ſhall always be the ſame. 

(8) The Locus of an Objett exposd to a Convex-Glaſs m its Fo- 


cus is not to be determm'd. 


When the Radiating Point a. Tab. 27. Fig: 3. is placed 7:;. x 


in the Focus of the Convex-Glaſs cd, the Rays ce, dg, after 
the Glaſs, run Parallel, and being produced to c x, d 2, 
they never Interſect. Wherefore in this Caſe there'is no-Rule 
whereby to determine the Locus of the. Object. And Barrow 
cells us only, Qzod Remotifime Pofunum A timatur. *LeF. 18. 
ad Fmem. 
(9) The Locus of an Objeft, beyond the Focus of \a Convex- 
Glaſs, to the Eye between the Glaſs and Diſtintt Baſe, caunat 
be determmed, (21 


Tab. 


Tins ] 


'T21.F.4- * Tab. 27. Fig. 4. Let a be a Radiating Point placed more 
- diſtant from che Glaſs c 4 than its Focus ; the Rays c e, d fi 


after paſſing the Glaſs, do Converge towards the Diſtinct Bale; 
let the Eye e f g be placed berween the Glaſs and Diſtin&& 
Baſe, it ſhall then receive the Rays ce, dg, Converging ; and 
they. being produced towards x and 2 (eparate the turther. 
In this and the laſt Se&ion lies the great Difficulty, which 
the Incomparable and moſt profoundly Learned B a x x 0 w (Lett, 
Opt. 18. Set. 13.) conteſledly paſſes over as inſuperable, and 
not to be explained by whatever Theories we have yet of Vi- 
fion. | For Gag that the Object which applies to the Eye by 
Leſs. drverging Rays, is judged the moye remote ; And that which 
applies to the Eye by Parallel Rays, is reputed muſt remate ; 
it ſhould ſeem reaſonably to follow, that _ is {cen by 
Converging Rays, ſhould appear yet moſt remote of all : And 
yet io contradidts this, and teſtifies, chat the Point 
a, Tab, 27. Fig. 4. appears variouſly dſtant, according to the 
various Situations of the Eye between the Glaſs and Diſtia&t 
Baſe; and that it does almoſt never (if ever) appear more 
diſtant than the Poinc 4 it (elf to the naked Sight, and ſome- 
times it appears much nigher : Or rather, by how much the 
Rays, which fall chrough the Glaſs on the Eye, do more Con- 
verge, by ſo much the nigher does the Object appear to ap- 
proach, inſomuch, that if the Eye approach the Glaſs very 
nigh, the Obje&t a appears in its natural Place : The Eye be- 
ing a liule farther removed from the Glaſs rowards the Di- 
ſtint Baſe, the Point 4 ſeerns yer to approach. The Eye 
being yer farther, the Point ſeems yet nigher; and fo: by Fl 
grees, till at laſt the Eye being placed art a certain ſtation, as 
at the Diſtinft Baſe, the Point @ appears very mgh, ſo thar it 
ins to vaniſh away in mere Confuſion. All which (con. 
tinues the candid Baxzo w) ſcems repugnant, or ar leaſt 


*not ſo well to agree to what we have laid down, And fo he 


leaves 
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leaves this Difhculty to the ſolution of others, which I (after 
ſo great an Example) ſhall do likewiſe; bur wich the reſo- 
lution of the ſame admirable Author, of nor quitting the evi- 
dent Doftrine, which we have before laid down, tor deter- 
mining the Locus Objefti, on the account of being preſſed by 
one Difficulty, which ſeems inexplicable, till a more intimate 
Knowledg of the Yiſeve Faculty be obtained by Mortals. In 
the mean time, I propoſe it to the conſideration of the ingeni- 
ous, Whether the Locus Apparens of an Object placed as in this 
gth. Section, be not as much before the Eye, as the DiſtinR 
Baſe is behind the Eye. Vid. Corol. 1. Prop. LVII. 

(10) If an Objeft be more diſtant from a Convwex-Glaſs than 
its Focus, and the Eye beyond the Diſtin#t Baſe, the Locus Appa- | 
tens of the Objeft is in the Diſtinft Baſe. Vid. Prop, XXXIX. | 
Seft. 5. item Schel.' Prop. L. 

Tab. 27. Fig. 5. The Obje& abc is projefted by the Glaſs T7. * 5 
g&l in the Diſtin&t Bale def. The Locks of each Point in 
the Objeft is in the correſpondent Point of the Jmage in' the 
Dyſtint# Baſe : Thus a appears at d, bate, cat f. Greyorn 
Opt. Prom. Prop. XLVI. 

Dechales (Dioptr. Lib. WH. Prop. XI.) remarks a Matter of 
ſome moment in this Buſinels of the Locus Objefti. "The 
reaſon (lays he) that the Appearances through Glafles of the 
Change of the Objects Place, do not fo ſtrongly Rtrike the 
Senſe, as the Doctrine here laid down ſeems ro intimate, 

roceeds from hence ; that Oprick-Glaſles are ſeldom or ne- 
ver made (o large, as to be look'd through by both Eyes at 
once; for it they were, he aflerts, That the Locus apparens 
Objetti would be much more plainly and ſenſibly derermin'd 
ro the ſight: In this particular certainly he is much im the 
right; for we. ſee at all times, that two Eyes make a more | 
exact eſtimare of the Poſition of an Object, than one f1ngle 
Eye. And we have a ſenfble Experiment hereot in Catop- 
tricks, . 
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tricks, by the large concave Mirous, where an Hand and 
Dagger preſented beyond the Focus, ſeem to ſtrike far with- 

1 | our the Speculum, at him that preſents it: Bur not fo ſtrongly 
il if the Speculion be bur ſmall, fo that the Image can be ſcen 


bur by one Eye at once, 


Scholium. : 


To this Property of the Change of the Apparent Place of 
an Objet, may we attribute that common Effe&t of Ob- \ 
jects ſeeming to Dance and Move, being ſeen through Sphe- 
rick-Glaſſes, whether Convex or Concave, nimbly ſhaken 
[ berween the Eye and the Object. *Tis a noted Experiment, 

l that ro know, whether a Glals be Plain or Spherical (which 
| | | is not to be found by InſpeCtion of the Glaſs it ſelf, or by 

Touch, ; if the Glaſles be formed on large Spheres, and be 

but- ſmall portions thereof), the common Tryal is, to ſhake 

| chem ſomething nimbly berween the Eye and an Object; and 

if the Object lcem to move by the motion of the Glaſs, the 

W 1 Glaſs is not Pla : The reaſon hereof is this; That toward 
þ | the Extremities of a Glaſs, the Glaſs refra&ts more than towards 
the middle (for the very middle Ray, that is perpendicular, 

| is not refracted ar all) and conſequently the Apparent Place 
| ] | of an Object is more Sponges by the Refration in the Ex- 
I oh treme parts of the Glaſs, than in the middle of the Glaſs : So 
| W | that the Obje&t, by the Motion of the Glaſs, appearing ſome- 
| 4 times through the middle of the Glaſs, ſometimes through the 
extremities of the Glaſs ; the» Apparent Place thereof is varied 


18) likewiſe, and the Object ſeems therefore to change its Place, or 
'F j | to. move. Bur in a plain Glaſs the Cale is otherwiſe, for the 
| ['Y Retraction thereof is equally prevalent throughout the whole 
'q it. Glaſs, and neither ſtronger nor weaker in the middle, than in 

|] : the extremities; 1o that the ſhaking of it between the Eye 
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and Object, makes no, other difference: in the; Apparent Place, 
than if the Glals were look'd through fixt and immoveable; and 
therefore the Object ſeems nor through it-to ſhake and move, 
And tho the Locus be changed by a Spherick Glafs's being re- 
moved to and from the Eye, yet in Glaſles of large Spheres, 
the Locus is not fo ſenſibly changed, as by being, ſhaken befor? 
che Eye, - The ſame Reaſon holds. for T apparent Dancing 
of Objects ſeen through riſing Smoaks or Vapors. , 7 


FC 


PxoOFe, XXXI1L 


An ;Objeft being plyced in-the Focus of | a. Convex-Glaſs, and 
the Eye on tother fide the Glaſs, ſees this Obje&- diſtinitly 
and, ereft. 9 


That an Object 19; poſited, is ſeen; diſtintly, is evident, ' 
becauſe the Rays from each particular Point, yy paſſing che 

Glaſs, become.parallel (by Prop, VI.) and lo fall on the Eye. 
And therefore (by Prop. XXVIIL Sec. 7.) they are fit to cauſe 


Diſtin& Viſion. Tab. 27, Fig: 3.': The Point @ ſendeth forth +.,,, + ,. 


its Diverging Rays ac, ad, on the\Conyex-Glals c d; theſe 
are tranſmitted by the Glaſs parallel inc eds, and fo fall on 
the Eye; by whoſe Coars and Hutnors, eſpecially by the 
' Cryſtalline, 4, they are retracted and brovight, cogether, in the 

Point k on the Retina, there repreſenting. diftin&tly the Paine 
a of the Object. | | | 


| | 0] ) 00128 T8 | 
Or thus, Tab. 28. Fig. 1. The: Eye. op, being in the place 743. >; 


where ſome of the Rays from every-- Pojnt in the- Object are 
mixt together, is in the place of \che preateſt Confuſion; "and 
therefore by Prop. XXVII. Ses: 3, the Vihon 4s-diſtin&t. \ - 
| lay -allo the Obje&.is ſeen ere. . In::the- ſame Figure 2, k 
is a Convex-Glals, -4 6c--an Object; ,weomay itnagin that 
sach;Point of this Object ſends fromis a;Cone: gf Rays,. fall- 
 3Ull R 1 


Ing 


T28.F.2. 


[:e23 
ing on the whole Surface'of the Glaſs ;/ but for avoiding Con- 
fon m the Scheme, 1 only expreſs and conſider the Rays 
co, ch, from the Point c; and ak, ai from the Point.aq. 0p 
is the Cryſtalline of the Eye. TheRays cg, cb, after paſſing 
the Glaſs e parallel as go, hp, and fall fo on the Cryſtal- 
line, by whoſe Refractions they are again brought together 
in the Point d on the Retina, there painting 'the lively Repre- 
ſentation of the Point c ; and the ſame may be ſhewn of the 
Repreſentation of the Point a at f on the Retina, Where- 
fore the miſter Point c is repreſented on the dexter part of 
the Fund of the Eye d ; and the dexter part of the Object a 
is painted on the Junſter part of the Eye f. And conſequently 
the Image on the Retma being inverted, che Object is ſeen 
erect (by Prop. XXVIII. Sec. 4, 5.). Which was to be De- 


Pxo?. XXMXIL 


F monitrated. 


An ObjeFt being placed in the Focus of a Convex Glaſs, and 
the Eye being placed in the Focus, on t other fide the Glaſs, 
ſees this Objeft under the ſame Angle, as were the naked 


Eye placed at the ſtation of the Glaſs. 


Tab. 28. Fig.2. axb is an _ aced in the Focus of 
the Glaſs ef (which we ppt of the leaſt thickneſs imagin- 
able); Let the Rays ae, bf, run parallel to the Axis xco, 
thele Rays are united in the Focus at o, at which Point we 
wy the Eye. Produce oe and of directly to g and k, 
and- draw ecf (which by ſuppoſicion is parallel ro ax b, and 
then draw ac, &c. The Optick-Angle through the Glaſs is 
eof, which we are to prove equal to acb. Thus, a x- and 
e c being parallel, and ae, xc,” being fo likewiſe; - a x is equal 
toec, and 4e-to- xc, being the oppolite Sides of a Paral- 
telogram, Bur- x-c- is equal to c 0. (the Focal Lengrh or one 

lade 
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ſide and t'other). Wherefore the Right-angled Tyianple' e c 6 
1s equal and fimilar to the Right-angled Triangle « x c. Where- 
fore the Angle eoc is cqual to the Angle acx, oreof is 
equal to ac b. | And: contequently the Eye at © fees the Ob- 
ject- through the Glaſs under the ſame | 45 the naked 
Eye being placed at c, would fee it. Which was to be proved. 
Vid. Gregor Opt. Prom, Prop. XLIV. 


Scholium. 


This is the Poſture of both Eye and Obje& 'for cauſing 
the moſt pertect Viſion poſſible through a fingle Convex Glaſs ; 
unleſs perhaps we fay, That ſceing all Objects, which we 
perceive molt diſtinctly are pretty nigh our Eyes; therefore 
we may conceive the Rays flowing from each Point' of thern, 
as falling on the Pupil Diverging. And conſequently, that 
to ſee an Object molt perfectly through a Convex Glals, 'ris 
beſt that the Object be placed a very little nigher the Glaſs 
than its Focus: For then the Rays, after paſſing the Glaſs, do 
ſomething Diverge, and fall ſo on the Pupil ; and this bein 
the moſt natural and uſual occurrence of Objects, it ſtirs beſt, 
and is beſt adapted and molt agreeable to the Eye; which = 
refractive Coats and Humors eaftly: collects cach Cone of theſe 
Drverging Rays, and brings themrogerher in a Point on the 
Fund ot the Eye. 2.1 
Corollary 1. 


The Eye and Object being ſo placed as above ; the Eye 
ſees this Object magnify d under an Angle almoſt double to that 
under which the Object would appear to the Eye, were the 
Glaſs removed ; that is, the Angle eoc or ac x is almoſt 
double the Angle aoc (a0 and bo being drawn directly) 
for the Angle ac x is equal to aoc4þcao (32.1.) but cao 

| R 2 is 
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is alnoſt-.equal |x0:a0 c.'Thereforeche Angle 4 cx-is almoſt: 


double /a o c.- Which wat to be Demonſtrated.) Thar c a0 is al- 
moſt equal to, « 9c, -1 manifeſt ; for the Triangle oc a is al- 
moſt Ifoſceles, oc. (=t x): being almoſt equal to. c a. 

If now; we ſuppoſe the Eye-ro continue: in-the (Focus at 0, 
and the Obje&t.axb to be brought nigkerthe Glaſs ef ; (till 
the Optick Angle through the Glals ſhall be e of. By which 
(tho it continue the ſame, yer) the Obje& would not be 
magnifid by the Glaſs in this ſecond Poſture, as mucl: as in 
the former. For the Angle e of in this latter Poſture would 
not'!{o much exceed the natural Optick Angle' a0b., For at 
laſt. ax b being brought ſo near ec f, as to be comcident there- 
with, , the Angles eo f -and a 0 b would. be coincident allo. 

+ The. 'ſame,may+be ſhewn, if; we ſuppole the Object ro 
continue, in, the Focus, and the Eye. to: approach the Point 
c, For at laſt the Eye arriving at c, perccives.the Object 
through the.Glaſs under its, own natural Angle a cb. 

03 1901201 950- IV. &4- 4 
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| 


* Hence: ic appears, \ that the Eye being in the Focus of a 
Conyex:Glals,yand the Object in the Focus alſo, the Eye can 
perceive, ng, 2xeater an. Hrea'or. Space of: 'the Object," than the 


 Breadth of-rhe; Glaſs, or the: Breadch of that Portion thereof, 


which the Eye makes uſe of ; for a b is cqual to e f. And 
the reaſon is, becauſe thoke Rays ae, bf, that come from 
the Extremities of the Object 4 and b, and concurr at the Eye 
1g,the, Focus. 0, mult nectflarily fall on the Glaſs 'paralld to 

the, Axis'x.c;. 1 | 


PROP. 
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PxoOe. XXXIV. 'PrOB IL, 


To determine the Optick Angle, or apparent Magnitude of an Ob- 
jet muthe Focus of a Convex-Glaſs, to the Eye at any other 
ſtation ; from theſe Data, the Glaſſes Focal Length, or the 


Diſtance of. the Okjeft from the Glaſs xc, Tab.'29. F. bo 7:59. Fa 


The Diſtance of th: Eye from the Glaſs c d, and the Breadth 
of the Otyett a b. | 


The Thicknels' of the Glaſs I take no notice of, becauſe 
I would nor peck the Scheme. And therefore the Glaſs 
is ſuppolcd' of the leaſt Thicknels ——_— : or all the 
Refractions are ſuppoſed performed ' at the: Line in the: mid- 
dle of the Glaſs gecf 2. | | | AD 

Wherefore ler ax b be. an ObjeR,. and let the Rays: ze, 
bf, fall paralle] ro the Axis xco; theſe arc united in. the. 
other Focus at: 0, where at the-Eye be placed, it {ees'the Ob- 
ject under. the; Angle eof = acb, by the preceding: Props 
Wherefore having b x the half Obje&t, and xc; in the Right- 
angled Triangle b xc, we may find the Semi-optick Anglo 
bcx. Draw the pricke Line bo directly ; the Angle 0x 13 


the natural -Optick Angle: of the Object b x, which-is cafily- 


obtained, in the Right-angled Triangle: b ox); having - kw 
and x 0, | 
"Let now the Eye be out of the Focus at'd; the Rays: ag; 
after paſſing the Glais, become parallel to e o (Prop. VL) And 
theretore the: Angle gd x'is-gqual ro 80x or ac x, which we 
have found> before. +: Draw the prckr- Line: b:d direcths;- rhe 
le. bd x. 1s; the /natural;:Opcick : Angle 'of the Object 
b x, were the. Glas.removed ;- and-is cafily had: in the Rights 
angled Triangle: þ x:4, :baving bv 'and xd (=x£+c 4). 0 
the Problem 115-latifatd a2 £144 21051 24) 7 i ia 
| . PROP, 


OY —— 


: — —— —— « 
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Pxoe. XXXV. PrxoOEBL. 


To determine the Viſible Area of an Objeft m the Focus of 4 
Convex Glaſs; from theſe Data, the diſtance of the Object 
from the Glaſs or the Glaſſes Focal Length, the diſtance 
of the Eye from the Glaſs, and the Breadth of the Glaſs. 


It is ſhewn before in the 2d. Corollary ro Prop. XX XII. 
That the Viſible Area of an Obje& in the Focus of a Con- 
placed in t'other Focus, is equal ro the 
Breadth of the Glals. Wherefore I ſhall only here conſider 
the rwo other Caſes. 

And firſt, Let the Eye at 0, Tab. 29. Fig. 2. be placed 
further from the Glaſs gl than its Focus, the Objet a xb is 
| the Glafles Breadth, x c the Glafles Focus or 
diſtance of the -Obje&t, and c o the diſtance of the Eye trom 
given. Draw go, lo, and produce the Axis 
oc f. infinitely. Ler us now-umagin the Point 0 a nigh Ra- 
ng Point or Object, ſending us Rays og, oc, ol, on the 
Glatſs. By Prop. V. Let us derermin the Diſtinct Baſe or Re- 
pective Focus of this Point projected by this Glaſs, which by 
the foregoing Data is cafily per 


ctive Focus to be cf. 


vex Glaſs, to the Eye 


in the Focus, g 


the Glaſs are 


Suppole this reſpe- 
b 4 ft, [ f 5 Ma. 1901 Lines wt 
rerſect the Object in e and d, the Viſible Area of the Object 
is determined by 
per. 8. the P 
chrough difterenc Mediums is Reciprocal. 

Rays og, ol, be refracted into ge, 14d; it will neceſſarily fol- 
low,. that e g, dl, being confider'd as two Rays flowing from 
the Points e and d, th 
fore this Analogy wi 


s of a Ray 
herefore if the 


{hall be retracted into 
hold, fc: cl::fx (=f c—x6): xd. 
Which x d is half the Viſible Area to the Eye ar 0. 

| . Secondly, 


20, lo; where- 
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Secondly, Tab. 29. F. 3. Let the Eye ato be placed nigher 723 F+ 


the Glaſs than its Focus. Draw go, lo., And produce the 
Axis oc infinicely backwards towards f. Then (as before) 
ſuppoſing the Point o a Radiating Point or Object ; by the 
Data, and by Prop. VII. we may cafily derermin the Ima- 
ginary Focus thereof, which ler be cf. From f draw fg di- 
rectly to e, and fl ro d. ed, by the foregoing Demoniſtra- 
tion, is the Viſible Area of the Object a b. And c f: cl : 
fx (=f c+cx): xd. Which is hait the Viſtble Area to 
the Eye at 0. | 
Scbolinum. 


The ſame Rules may be uſed, when the Object is nigher 
to or further from the Glaſs than its Focus. So that this Pro- 
poſition is univerſal to all Cafes in Ere# Vilion through Con- 
vex Glaſſes. Bur whether this Arca-be diftm#ly viſible or nor, 
depends on other Conliderations, and will be obvious enough 
to thoſe that conſider what has been before, and whar 
be hereafter laid down concerning the diſtinf# and confuſed 
appearance of Objects. 


Pxoe. XXXVL. 


Ana Objeft being placed more diſtant from a Convex Glaſs than 
its Focus, and the Eye placed on t'other ſide this Glaſs nigh- 
er to the Glaſs than the Diſtmf Baſe to the Glaſs, ſees this 
Objeft ereft and confuſed. 


[ have ſhewn before (Prop. V. XXVI, XXVIL.) that if an 
, Object: be placed more diſtant from- a Glaſs: than irs Focus, 
this Object is projected in a diſtinct Bale ſomewhere on r'ocher 
ſide the Glaſs. And that this Diſtinct Bale, may be fome-. 
times Leſs, ſometimes equal to, and lomerimes Greater than the - 
Object it lelt, Tab... 
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Tzo Fa. . Tab. 30. Fig. 1... abc is.an Object expoled to the Glaſs 

gl, and projected in-, the Diſtin& Bale eld, Each Cone 'of 

- Rays from the Obje&t is 'made to converge, as þ 4 F is formed 
into gel. Let the Eye be-placed at k. I lay, 


rit che Ob. 
ject appears eref,, For»the Rays from a the upper pare of 
the Object tend co, and derermin in the lower parc of the Fund 
of the Eye. And the Rays from «< the lower part'of the 
Object tend. towards the upper part of the Retma; and there- 
fore the Appearance 1s erect, (by Prop. XXVIIL Sec. 4, 5.) 

' Moreover, the - being placed any where. berween the 
Glaſs 2 |, and the Diſtinct Bale:f.e d, does nor receive the Spe- 
cies of the Obje&t mverted; for that only happens juſt in the 
Diſtinct Baſe'it elf. And on this account, 'tis manifeſt, thar 
the Appearance to the Eye in this poſture ſhall be Fre. 

I lay likewiſe, 'that the 5-991 of the Object is confuſed 
Let us conceive the Pupil of the Eye at mn ; here-it receives 
the Rays from the Point b- converging ;: and therefore by Prop. 
X.XV1I11. the Repreſentation of the Point b on the Fund of 
the Eye ſhall be confuſed. And fo of the other Points in the 
Object, that is, of the whole Object. And. if the Eye recede 
from the Glals, as to bi, the Viſion is more confuſed, becauſe 
the Rays are nigher converged. 


Pxoe.: XXXVIL. P KOBL, 


To determin the Optick Angle, vr Apparent Magnitude, and the 
Viſible Area of an Objett placed as in_ the laſt ;. from theſe 


30: F2 Data, The Breadth of the Objeft a bc (Tab. 30. Hig. 2.), 


Its Diſtance from the Glaſs 2b, The Glaſſes Power, "The 


Glaſſes, Breadth g 1,, And the Diſtance- of | the Eye from the 
Glaſs Kz. (Cav: 


(1.) From 


C 


2xwlc 
Tab. 30 pgg. 24. 


—— 


— 
——_ 
= 


—_. + 
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(1.) -Froni theſe Date by the foregoing Dottrine) of -Qoas 
vex Glafies,” /tis ealie to deterrine the: Breadeh afithe Diftin 
Baſe, For by Prop. XXVI, X XVII. mp mg o 
the Objoft from 4 Convex Glaſs * Th the Breadth of the Obj 
S9 the Diſtance of the- bnage im the Difthitt Bajo i hw is 
eaſily obrained om the foregoing Data) To the Breadth of the 
ſaid Image. > That is (in rhe-forefaid Figure) bz: ac::ex: 
0; And AN bz::de:ez, And —— he An- 

exd is cquat rothe Angle «3 bj the” exd and 

az b being Goitar: hep po ri ks Ta dS ade 
wh vary ab and bz, to find the Ange oh daLogary which 
is the Angle, under whielk the -Appcar ri the 
Eye h_— juſt couching the Glaſs at z,; ſuppoſing the Glaſs 
to be there of the leaſt Thixknels 1 ble 

(2.) Ler us now ſuppole the Eye ar k. I fay if the Rays 
from the fingle Points 4,c; in -aw ObjeRt be: -by 
the Convex Glaſs g | to any other Points''d, f5".che _ 
ſhall appear under the Optick Angle x km, as Jo.uhe) 
of the Pencils from the Extreme Points of the Object, dich 
is dkf=x&km. Vid. Gregorts Ope, Promo) Prop: BH) 1 

(3.) Wherefore in = Righ ed Triangte ek dp''we 
have ek and ed, To tnd the Angle e k d=#kx;/ which'is 
che Angle to the Eye atk, in like many may 


we find the Oprick A any other oxkticica een 

as at n, endz=gng ecu ro fad,» _ 
(4) As to the Viſible Area- of the Objedt; wo cniebadend 

2s before, Prop. : and Schol,'1 thall only-add, 'Thar-if 


the Eye beat q, and che Line d being drawn, and! 
owards-þ, ir dows noe lb upant thee x) dewalt Eye 


x q ſhall noe ſee through cho Glals cb Point 4, Jeng waa 

whoſe Pencil is in the Point 4. * And fray hence we nay 

ceive, that at k, we may fee chrough the Glaſsa greatey (pac 

than the Arca-of the ObjeRt ab<c./' Arn wean bur 4uf# hes 
5 


the 
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the whole Object abc 3 and at q We cannot lee the extreme 
'Poirit 4c... By which the $1 and 82 Prop. of Kepler's Diop- 
-:tricks are manifeſt. 


(5.) If the Glaſs have any Thickneſs conſiderable, ſee Prop, 
XXXI. concerning the Locus Objetti, Sec, 7. 


Scholium. 


If we firſt determine the Yifible rea by Prop, XX"XV. the: 
Breadch of the Objet need not be one of the Data for de- 
termining the Optick-Angle. For the Breadth of the Object is. 
found. by obtaining} the /:ſible Area. 


Paor. XXXVIE 


An Ohje& bemg more diſtant from a Glaſs than its Focus, and the; 
Eye placed in the Diſtin& Baſe, the Objeft appears moſt con- 
fuſed... 


By Prop, XIEXPL 'ris manifeſt, that: the nigher the: Eye. 
appraaches the Diſtin& Baſe, the more confuſed the Object 
appears; becauſe-the Rays from each particular Point, do fall 
on.the-Eye cloſer: Converged, and more orderly ſeparated by che, 
Glaſs from the Rays of adjacent Points. But in the Diltincr, 
Baſe, the Rays are moſt of all Converged, and molt orderly 
united: in- thair proper Points, each with the Rays flowing 
fromthe, ſame; Point in the Object. Wherefore the Eye is. 
there in-the greateſt. Confuſion. 

| Moreover; (by Prop. XXVIIL See. 3+). tis requiſite to Di- 
ſtinge Viſzon, that the Rays from the ſeveral Points in the Ob-. 
ject, fall on.the Eyealtogether coufuſed thereon (as they do on 
the Glals. in the Hole of a dark-Room), that the Coats and. 
Humors .of. the. Eye may refzact, them, and bring them coge- 


ther, 


ther, diſtin&tly painting the Image on the Retina, But when 
the Eye is in the Diſtin& Baſe, all this is fruſtrated, 


Pxoe. XXXIX. 


The Objeft bemg more Diſtant from the Glaſs than the Focus ; 
and the Eye further from the Glaſs than the Diſtin#t Baſe, 
begins to perceive the Objeft inverted ; and, - at a proper di- 
ſtance, Diſtin&. 


(1.) This is manifeſt by Tab. 30. Fig. 3. wherein abc is 730. x4 


an Object, g 51 the Glaſs projeRting the Diſtin& Baſe fed, 0 
is the Eye, And becaule half the Pencils of Rays that flow 
from each of the extreme Points of the Object a and c, pro- 
ceeding forwards from the Points d and f in the Diſtin& Baſe, 
akter they crols in the aforeſaid Points d and f, by reaſon of 
their too great Divergence, do eſcape the Eye. Therefore, for 
avoiding Perplexity in the Scheme, I have only expreſſed the 
Half Cones s al, sdl, and rcg, sf g, which ineurr the Eye. 
(2.) Wherefore we may oblerve, that the Diverging Rays 
pfoandodyg, falling diverging and confuled on the Cryſtalline 
pq, are thereby collected, and made to concurr on hh Retina 
in the Points z and » ; and there paint the wpper Point & of the 
Object on the upper part r of the Eyes Fund; and the lower 
Point c of the Object on the lower part n= of the Retina. 
Therefore by Prop. XXVIIL Se. 4, and 5. the Object appears 
inverted, becauſe the Image repreſented 'on the Retma is Erect. 
(3.) Or more plainly thus, We may now conceive the Di- 
ſin Baſe it ſelf f 4 to be as it were an mverted Obje&t (as 
here the Croſs turned with its head downwards). Therefore 
the appearance thereof to the Eye, ſhall ſeem inverted, For 
if the Eye perceive an ere#t Object, erect, it muſt necds pet- 
ceive the Diſtinct Baſe, being an inverted Obje&t, mverted, 
I 2 


And 


FT 


CE nn noggin — —— 
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And: this may be laid down 2s a General Rule, Thar 
where an Object, or the hnage, or Repreſentation of an Ob- 
ject, which is next the Eye, is inverted, there the Object 
{hall appear inverted. And where the Object, or Image next 
before the Eye, is ereft, the Object appears erett. ' 

(4) I ſay allo,' 4 « proper diſtance the Inverted Appearance 
is Diſtt, For when the Eye is fo far removed from the Di- 
ſtint Bale, as to be able to corredt the Divergence of the 
Rays, that come to it from each Point in the Diltin&t Bale, 
and to form them into correſpondent Cones determining their 
Apices on the Retina, the Viſion is Diſtia&t, ocherwile nor. 

Moreover chere arc two other Phenomena of this Poſture of 
QbjeR,  Glals,, and Eye; which I ſhall here explain as fol. 


laws. 2c 
i(5-) If che Eye be moved upwards rowards z, the Object ſhall 
appear to mave.dawmwerds, It the Eye be moved downwards 
tawards x, the Objea (eems to moye wpwards To _ this, 
let us cpalider the Point c; and how the appearance thereof is 
brought t and farmed i the Eye, And we ſhall find, that in 
the Polbure of the Scheme, the Poine c is expreficd in the Eye, 
_y by chat pargcl of its Rays that fall on che half GlaGre, for 
thele axe brought 4agether in 5 fg, and flowing forward, be- 
rig ht oi 19 per mem ihe Rays sc £ thar fall on 

$s4, and are cogerher 19 5 fl, proceed 

forwards,  elcape the Eye; fone go on in # fa Whers 
tare the Par c is nov repeeleneed through the half Glaſs s x, 
or {cen {omewhere berwoeng) and 5. But the Eye moving up- 
wards towards-2, {o thac-it'mils the Rays pf o, and receive 
euly the Rays pf x; the Point c ſhall-chan be repreſenred 
through the half Glals 51, or een ſomevwhere berween 5 and 
{, and: conſequently ſhall ſeers to raove dwnwards. What is 
thevza of the Point c, may be conecived of the other Poines 
in the Qbyect, that s; of the- whole Objea. - 
And 


pam” a= <———_— — Pl - - 9” — nn —— 


[1337 1 
And this Phenomenon is the ſtrocigeti Cantrmation imaging- 
ble, chat the Lacus Apparens Objebtig'' irvthis Cale, 15 in the 
we” _ (as is-laid da Bo XXX; Sec, 10.). - For 
by « Eyc,.>we depreſs che Point wy OA 
4 ye we raiſe che Point f. Whierofor l/s oy 
the Point c is arf. 7 For--rhe: Joiner injthe ig ng leens to 
move-'contrary £o the motion of che! 
From the foregoing Explicarion ir-follows,,'char if the Glab 
be moved upwards, the Object, appears vormove vpwards. Aud 
Cale hn hg Obgect apptars:2o move 
downwards; tor the moving of che Glals \upw4/ds 1s! the ſame-as 
movitly the Eye downwards; | but-utiovrnng the Eye downwards, 
makes -f Ob dais —_—_ therctore the moving 
ofthe Glas upwards makes che Objects appear ro:move upwards. 

Or 'rhus, « Becaule -moving the Glas. apwards, the. Diſtinct 
Baſe is moved upwards (for it follows'rhe Glas), and the Di- 
ſtint Baſe is in this caſe as it were the Object. (Prop. KX XI. 
Sec. 10.) "Therctoce by the Glaſſes motion Jn the Eye 
{hall perceive the Object moved upwards. 

(6.) It with both Eyes we loak at the inverted Appear- 
ance of an Object through a Convex-Glals, we ſhall perceive 
the Object double. Suppoling the Eyes nor very tar remov- 
ed o. che Diftia Bade: Jak.. 26. 
ject projected by che GlaG'y {in che Daltinet Baſefed; the 
Point ec being a fpbadere i .che Poinr b. Let the Cone 
of Rays g e1 flow-focwards' from e, and become ge 3. Let 
the ewo Eyecsn, m, meet the Coneof Rays '2e9.. { lay the 
Eyen perceives the Pointe (the Repreſentation of the Point b) by 
che Rays 2e4, which flow forward from e15/ and coalequently 
the Eye 7 paceives the Point Slope; (as it veve, lomerwhere 
berween. s and 4 inlike manaer;. the Eyc' mi perceives the 
Poimt .b ore {omeryhore berween ls andg © Wherctore the- co 
Eyes ſceuwg the Poine &. or'e, 25. 3t Were, \in 4490 places, wm 

Double 


Tri? 4 


. 4 #bc:8/'an Ob- 7.30. F4. 
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Double. © Whart is ſaid of the Point 6, may be underſtood of 
any other Point in the Object,. and conſequently of the whole 
Object. And if we ſhut the Right Eye m, the Left Appear- 
ance of b vaniſhes; \it the Left Eye n, then the Right Appear- 
ance of the Obje&t-wvamithes: . | 

But-if the. Eyes :be removed very far from the Diſtin&t 
Baſe f e d, their Interyal-continues the ſame; / and the Rays 
ck, ep, Diverging concinually, they ſhall at laſt fall on rs 
Eyes ; that is, ek on the Eyen, and ep on the-Eye m. By 
-which the Eye n ſhall' perceive e as it were at # (& e « being 
.one Right Line), and the Eye-m ſhall perceive the lame e as ic 
were at r (per being one Right Line), whereby the Difference 
of the Places r and « becomes leſs than before, till at laſt the 
Eye be got at ſuch a Diſtance from the Diſtin& Baſe, thar 
this Difference of the Apparent Places becomes ſo ſmall, that 
*tis inſenſible ro the fight. 

Quere. How Dr. Briggs would explain this Phenomenon 
of Double Viſion by his "Theory of fight. Philoſoph. Colle, 
Numb. 6. 

Pxoyr. XL. 


To determine the Optick- Angle or Apparent Magnitude, and the 
Viſible Area of an Objett, placed as in the laſt, from theſe 


:T 20. F. 5+ Data ; The Breadth of the Objett abc, (Tab. zO. F.5.) 


Its Diſtance from the Glaſs s b, The Glaſſes Power or Focal 
Length, The Glaſſes Breadth g 1, And the Diſtance of the 
Eye from the: Glaſs 0s. | 


(1) Ir is hewn. before (Prop. XXXVIT.) how we may 
trom thele Data- obtain the Breadrh ot the: Diſtin&t Baſe: f ed, 
-and its Diſtance from the Glaſs es. Wherefore 05 —es =ove. 
Then inthe Right-angled Triangle oe f, we have oe and ef 
2o-ind che Angle f oe, which is the Semi-Optick Angle, un- 


der 
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der which the Eye perceives the Inverted Appearance of the 
Objet. In like manner may we find the Optick Angle to 
any other ſtation as at n. 

(2.) TheLearned Gx x 60x r in his Opt. Promot. Prop. 46. 
has a curious Theorem to this purpoſe, 'tis this, The Rays from 
each ſingle Point in an Obje a bc, bemg formed bythe Glaſs g $1 into- 
the Diſtint oy. fed ; and the Eye © being placed behind the Points 
of Concourſe ted; the Image of each Point in the Objeft ſhall ap-- 
pear in the Apex of its Pencil (That is, The Image of « 
Point 4 ſhall appear in che Apex of irs Pencil at d, &c.), And 
the Objeft ſhall appear Inverted ; And under that Optick- Angle, as 
the Apices of the Pencils of the Extreme Paints of the ObjeFt ; 
That is, under the Angle f od. 


(3) The Viſible Area is thus determined, Tab. 30.. Fig. 6. T3. r 6 


The Object abc is projected by the Glaſs gsl in the Diſtin&- 
Baſc f ed.. Letthe The be at 0. draw,0g, 01; the Eye at 
o ſhall ſee no more. of the. Objet, than whart is reprelented- 
berween .z, and r, where the Lines 02, 04, interſe&.the Di., 
ſtin& Baſe. To determine the Points in the Object, that an-. 
(wer the Points z, r, in the Diſtia&t Bale. From the. Cencre. 
of che Glaſs s (for 1 ſuppole it of no Thickneſs), draw 35 x,. 
r.s k; the.Point k anſwers.r, and. x anſwers 3, Laſtly, from. 
the foregaing Data to determine the Meaſure of z,r lay, As. 
$0:59::00:e4=!37; but.thechree firlt are known, . there-. 
fore the fourth is known alſo, , Which was to be found. 

(4) If the Line 0 y. produced. do nor fall on the Glas, then - 
that Point in the. Obje&t, whole Apex,of its Pencil is at y, or. 
which is projected in che-Diltinct Baſe at-y, | ſhall na be ſeen . 
through the Glaſs by the Eye at o. . Vid. Schok Prop. XLVL.. 


Gregark, Opt.. Promot. . 
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Corollary, x. 
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-1:1Coyollary- + 


Hence it follows, That'the further che Eye is remoyed from 
che Diſtinct Baſe, it pereeives 'the _ Area of the Object ; 
but cat; never fee 'more than what'ts projefted: in the Breadth 
of the Glaſs; thar'is, z# can never be greater than &f, nor 
ever equal thereto, unleſs the Eye 0 be ar an infinite Diſtance. 


P'x © p. XLI. 


An Objeft being placed nigher a Convex Glaſs than its Focus, and 
the Eye on tother fide the Glaſs, at any Diſtance within the 
Eyes power ſees this Obje#t Diſtintt and Ereft, © 


1 fy,” Within the Eye's Power ; tor 'tis ſhewn before in Prop. 
VA. and VIR. That when an*Objc is placed migher a Con- 
vex Glaſs than its Focus, . the: Rays from cach Point rhercof, 
after pafling the Gta,” do Diverge, bar not ſo much as if the 
Glaſs were away. Wherefore, tho the Eye looking ar an 
Object within the -Foeus of this Glaſs, may be nizher the Ob- 
ject, tharrif the Glaſs-were away, 2nd yer fe it diſtm?Fly ; yer 
there is a wean tobe obſerved 5 for even with the Glak it (elf 
rhe Eye may be'tvo meh the Objecr, and not able to corre 
the Divergence of "the Rays It receives. 

Bur thar an Objett thus polited appears Diftm to the Eye 
at a convenient Diſtance, is manifeſt ;/ for the Rays from each 
Point yo_ moderately 'Drverging, and ſo fall on the Eye. 
Prop. XXYNL. Sees, 91 

That an Object thus poſited is {een Eret; 'is evident from 
Prop. XXXII and XXXIX. 


PxoOePe. 
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Pxoe. XLAL 


To determine the Viſible Area, and the Optick- Angle or Apparent 
Magnitude of an Objeft placed as in the laſt, from theſe Data, 


The Power or Focal Length of the Glaſs, The Diſtance of 


the Objeft from the Glaſs, Diſtance of the Eye from the 
Glaſs, and the Breadth of the Glaſs. - 


Tab. 3 1. Fig. 1.and 2. ab is an Object expoſed to the Glaſs 7:4. 3: 
2 (, nigher to it than its Focus. 0 is the Eye, which in Fig. 1, © * 


is luppoſed nigher rhe Glaſs than irs Focus ; and this is the Firſt 
Caſe. But 19 Fig. 2., the Eye 0 is ſuppoſed further from the 
Glaſs than its Focus ; and/this is the Second Caſe. Tis ſhewn 
before (Prop. V. VIII), how the Reſpeftive and Imaginary Foci 
f are determined in one and r'other Caſe. 

Firſt let the given Breadth af the Glaſs be g 1. By Prop. 
XXXV. we determine the Viſtble Area 3 y. Let us then 
ſuppoſe the given Breadth of the Glaſs to be p 9. By the ſame 
Prop. XXXV. we determine the Viſible Area ed. 

As to the Optick-Angles g 0! (ſuppoling the Object 2) 
or poq (ſuppoling the Object e d) they are determined from 
the Data, by Plain Trigonometry of Right-angled Triangles, 
as before in Prop. XXX1V. 

And we ſhall hind by Calculation (as indeed 'ris evident 
by the very Inſpection and Conſideration of the Schemes ), 
that the Collateral Parts x e, d y, of the Object x y, are much 
more/ magnifid (in ref; of their Natural Appearance) b 
Broad Glaſles formed of fnall Spheres, than Middle Par 
ex, 4 x; for the Angle g op is the Opuck-Angle, through the 
Glaſs, of the Partze; and the Angle: p 0s is the Optick-An- 
gle, through che Glats, of the Part ex; 'but the former ex- 


cceds the Natural | Optick- Angle much more than the later, 
T As 
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As to the Natural Optick-Angle of che Object 2 x, were the 
Glaſs away ; draw 20 directly - (Fig. 1.), then in the Right- 
angled Triangle 4 xo, we have 2.x and x 0 to hnd the An- 
gle 20x, which is the Natural Oprick-Angle of the Object x x. 
From hence ic is, that by Broad Glaſſes formed on ſmall 
Spheres, the Extreme Parts of ſtrait Objects, ſeem to be m- 
curved and bent ; as is manifeſt in the Cale of the Micrometer, 
or Lattice of fine Hairs, ſtrained before the Eye Glaſs in a 
"Teleſcope, for Meaſuring the Diamerters of Objects. As Pere 
| Cherubin complains in his' Dioptrique Oculair. Part. II, Sec. 7. 
Chap. 1. pag. 239. but underſtood not the reaſon. Of this 
we may make Experiment, by looking with a very Convex 
Glaſs at rwo Parallel Lines drawn pretty. cloſe on a Paper. 


Schol. ». 


If inſtead of the Glaſſes Breadth, we - have the Breadth of 
the Object ed given, we may eaſily determine the Breadch of 
the Glaſs, through which this Portion of the Object is ſeen : 
For from the Point f, draw f e, f d, theſe interſect the Glaſs 
in p,q. I ſay this is the Portion of the Glaſs, through which 
ed is viſtible. And if the Line f m, being produced, do-nort 
fall on the Glaſs, the Point m in the Object is not viſthle through, 
the Glaſs g | to the Eye at 0. 


Schol. 2. 


This XLI. Propoſition, as it relates ro the Optick-Angle, 
may be lolved an other way by Determining the Locus Objecti. 
But then, to the former Data in that Propoſation, .inſtead of the 
Glaſſes Breadth, we mult add the Breadth of the Object. 


732-Fz, Wherefore, Tab. 31. Fig. 3. Let the Locus of the Object 


abc be determin'd de f, by Prop. XXXI, Sec. 7. Let the 
; | Eye 
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Eye be at o, draw do, f o directly ; if the Right Line do do 
not fall on the Glaſs, the Eye at 0 cannot perceive through 
the Glaſs the Point of the Object a ( Vid. Prop. XXXVII 
Sec. 4. Prop. XL. Sec. 4. & Schol. Prop. XLVI. Gregori Opt. 
Promot.). Burt if do, fo, fall on the GlaG; I ſay the Angle 
dof is the Angle under which the Object abc appears to the 
Eye at 0 through the Glaſs. For the Object a bc is ſeen through 
the Glaſs under the ſame Angle, as the Image def would be ſeen 
without the Glaſs (by Prop. XXXI. Sec. 7.). Now becauſe we 
have ab and bz given, and e x found, we may find alſo 
ed; for by: ba::ez:ed. Thenin the Right-angled Tri- 
angle doe, we have de and eo (=ez+30) to find the 
Angle doe=;dof. Draw then ao directly; the Angle a0b 
is the Natural Oprtick-Angle, under which the Object ab 
would y”—_ ro the Eye without the Glaſs. Now having 
ab and bo (=b3z+30) we may find the Angle a0b; the 
Difference between which and the Angle doe (that is d 0 a) 
ſhews how much the Object is magnified by the Glaſs. 


I. Example of the Firſt Caſe computed by the Method in 
Prop. XLII. Tab. 31. Fg. 1. 


Glaſles Former jo on ow me es an 4637 
Diſt. of the Eye from the Glals=s o= 2500 D 
Diſt. of the Obj. from the Glaſs=s x= 2721 : 

: Breadth of the Glaſs= 1g [=sg= 145 

| Viſible Feaze — — — — = Tx =? : 

: Optick-Angle= —_ rw —£g05= ? « © Queſia 


Firſt ſuppohng the Poine 0 a Radiating Point, | 

By Prop. VIII. As Focus Glaſs —50 : to Foc. Glals :: 50 : fs 

That is in Numbers — — —2137 : 4637 : : 2500: 5425 
MX-4 'Then 


) 
| 


= 
" 
LI 
, 

- 
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Then —— — fs : 5g :: fx (=f $+5x) : ax 
That is 5425 : 145 :: 8146 : 217 = x 4 the Viltble 

Area in this Caſe according, to the Data. 


Secondly, To find the Optick- Angle g 0s, under which 


this 43x= 217, appears; lay, | 
50 : Rad. :: $9 : Tang, 4g 05=3* 19! 10, 


| 
| 
| 
| The foregoing Example calculated according to Schol.' 2. 
T:31-F3-(Prop, XLI. But the Letters reter'to Tab. 3 1. Fig. 3. 


Glaſſes Focs == = — — — — 4637 

Diſt, of the Eye from the GL =xz 0= 2500 D 
Diſt. of the Obj, from the Gl.=zb= 272 1( *©* 
+ Breadth of the Object= - —ab= 217 


Diſtance of the Imaginary Focus ze =? 
Breadth of the Imaginary Focus=de =? Queſita. 
Optick-Angle — — — — — — Zdoe=?)\ 


l | Firſt, Suppoſing the Point þ a Radiating Point, to deter- 
| mine the Imaginary Focus at e, by Prop. VIII. we mult ay, 


As Focus Glals .. 4b : FocusiGlaſls :: 2b: ze 
That is in Numbers 1916 : 4637 : : 2721: 6585 
Then by Pr.2. 6.Eucl. zb.: ba 2 $84: ed 
Thar is in Numb. 2721 : 217 : ; 6585: 525 


Laſtly, As eo (=3,e4+30) : Rad.-:: de : Tang, 4 doe 
=3* 18 30, which wants only 40" Seconds of the former 
Calculation, by reaſon of the neglect of the Fractions. 


I. Ex- 
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Il. Example of the Second Caſe calculated. accordins to 
Prop. XLIL Tab, 31. Fig. 2. 


—_ 


Diſt, of the Eye from the Glaſs = 5 0= 5900 Hah 


Diſt. of the Obj. from the Glaſs =s x = 272 1 


Glaſles Facus—= — —. ——- — 4637 
} Breadth of the Glaſs =2 g [=s g= 7 


6 Vidhle Anat worm ermrmnn T X== ? | 
+ Optick-Angle = — = —2g 0 5= ? © Lyaſit 


Firſt, Suppoling the point 0 a Radiating Point, Then by 
Prop. V. 

ks 5.0--Foc. of the Gl, :- Foc. of the Gl. :: $0 : fs 

That is in Numbers 363 : 4637 :: 5000 ; 63870 

Then ———f::;5g::fx(=f8-sx) : 2x 

That is in Numbers 63870 : 145 :: 61149 : 138, being 
the Viſible Area in this Caſe, according to the Data. 


Secondly, To find the Oprick-Angle T 05, under which 
this I X= 138 appears ; fay, 
As 50 : Rad. :: 5g : Tang: 4 go05=1* 39 40” 


The foregoing II. Example calculated according to the Solu- 


non in Schol. 2, Pr. XLII. The Letters relate to Tab. 31. F. 3. 73 £3 


Diſt.-of the Eye from the Glals= x 0= 50060 
Diſt. of the Oby. from the Glak 2 b= 272 1 
Breadth of the Objet= -.. _« b= 138 


Diſtance of the Imaginary Focus 


A e 
+ Breadth of the Imaginary Fecys d Ci 
Optick- Angle rc the Glals = LZdoeF” 


Glaſles Focus= = = = — — — —- 4637 
- 


1! 


Let 


T31.F2 


a —_—. 
4 5 


Let us ſuppoſe the Point b a Radiating Point, To deter- 
mine the Imaginary Focus at e, by*Prep. VIIL ſay, 

As Foc. of the Glaſs 3b : Foc.of theGl. :: 4b : xe 

That is in Numbers 1916 : 4637 :: 2721 : 6585 

ThennG << wo on 23: 6:2 RE: 64 

That is ia Numbers 2721 : 138 :: 6585 : 334 


Laſtly, ASeo (=&e-+x0) : Rad. ::-de : Tang, £doe= 
=1* 39' ©, Which by reaſon of the po ot Fractions 
wants ,40 - Seconds of the foregoing Calculation. 


Of CONCAVES. 


TI Now proceed to the Confideration of Viſion through Con- 
3 cave Gladles. 


Prxoe. XLIUIL 


- All Objefts ſeen through Concave Glaſſes appear Fre” and Di- 


miniſh'd. 


That the Object ſhall- appear Ere& is manifeſt ; for 'ris 
.before (Prop. XXXIX. Sec: 3.) laid down as a General Rule, 
That where the Objett, or Image that is' next before the Eye, is 
Ereft, the Eye ſhall perceive the Objett Erect } and where Inverted, 
the Fye ſees it Inverted: But Concaves have no Diſtmct 77 
(as Convexes have) wherein they repreſent the Image of the 
Object Inverted, and conſequently,” wherever the Eye is iplaced 
behind a Concave Glafs, ic ſhall perceive'the Object through 
it, in its Natural Poſture, That Concaves have no Real Di- 
ſtinct Baſe, is molt plain from the Do&trine that fpregoes re- 
lating to them: For a Diſtin&t Bale is cauſed by che Col- 


"ſection 


Tab. 32-P49- 143 
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lection of the Rays proceefling from a ſingle Point. in the Ob- 
ject, into a ſingle Poinc in the Repreſencation ; bur Concave- 
Glaſles do nor wnite, bur ſcatter and diffipace the Rays: "Tis 
true indeed, a Convex-Glaſs may cauſe a Diſtin&t Bale, not- 
withſtanding a Concave 'placed behind ir or before it (as we 
ſee in Prop. XV. XVII, XVIIT.) ; but then this Diſtin&t Baſe pro- 
cceds:not from: che Concave, . bur fromthe Convex :. For. the 
Concave exerts its ſcattering power ever: in-this Caſe ;-. andfir 
protracts the Uniting of the Rays to a greater Diſtance+from 
the Convex, as is manifeſt from the fore-cited Propoſitions. 


| ſay allo, The Appearance of Objetts through Coneaves 15: duni- 


uſhd> Tab. 32. Fig. 1. a x bis an! Object, oche:.Eye.. Draw 7,2 x. 


aeo, bdo, directly ſtrait from. the Extremittes- of the Object 
to the Eye. The Angle comprited by the direct Rays a e o, 
bdo, that is, the Angle a0 6 is the /Natural Optick-Angle. 
Let now the Concave-Glaſs c f be interpoled ; here, becauſe 
the Rays ae, bd, would naturally. concurr at o, now the Con- 
cave-Glaſs is interpoſed, their Concourle thall be protracted 
beyond 0; wherefore the Eye at. o ſhall not perceive the Ex- 
tremities a, 6, of the. Object through the Glaſs by the Rays 
ae,. bd, but by ſome other Rays, -and thele other Rays muſt 
cicher tall without (that is farther from the Axis 0 x, than) ae, 
bd, or they muſt fall within a e, b d : Bur they cannot fall with- 
outae, bd; for. it a e, b d, themlelves be made by the Glals 
ro. concurr beyond the Eye at s, much more. ſhall the Con- 
courſe of any other Rays that tall without 4 e, b-d, be protra- 
Red beyond 0; and conſequently they cannot convey the Ap- 
pearance of the Extreme Points a, b, tothe Eye at'o. Where- 
tore it remains, that the Rays that do this, mult fall within 
ae, bd. Let us ſuppoſe theſe Rays to be ac, bf, which-in 
their Natural direct Courle, would concur at q, bur by the 
Refractive Power of the Concave, are bent and made to pro- 


ceed in c 0, f o, their Concourle being protracted till chey arrive 
at 
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at the Eye in o. Here the Optick-Angle chrough the Glaſs is 
 cof, which is leſs chan the: Natural Optick-Angle 406, and 
conſequently the Appearance of | the Objett is dimniſh'd. Which 
was to be proved. 


Pzxoe. XLIV. 


.C oncerning the Diſtinft - and' Confuſed Appearance of ObjeRts. , 
through Concaves ; as alſo of their Faint or Obſcure Ap- 
prarance, 


We are here to remember what before is 1x#d down, concern- 
ing the Virtual Focus of a Concave expoled to Paralle! or to 
Dwerging Rays (in Prop. XI, XI, XII. & Carol. Prop. XV.): 
We are likewiſe to take notice, that in Plain Vihion, when the 
Rays from any {ingle Point in an Object do not Diverge more 
than what the Refractive Power of the Coats and Humors of 
the Eye cam correct ; ſo that. theſe Rays may be brought to- 
gether in a Correſpondent Point on the Retina ; then the Ap- 
pearance of that Point is Diſtt, For initance, Tab.z 2 F. 2. 
Let che Point « diffuſe the Rays' ab, as, ar, ac. Suppoſe 
che Breadch of the Pupil were pq, and the Eye there placed ; 
perhaps the Refractive Power of the Eye is not futhcient to 
correct the Divergence of the Rays a pb, aqc. Bur if the 
Pupil (continuing of the ſame Breadch) recede to r s, then 
only the Rays as, ar, fall into it; and theſe perhaps may 
be reduced by the Eye "to determine in a Point on the 
Retina; becauſe they do not Diverge ſo much as the former. 
If therefore we ſuppoſe the Pupil in irs former ſtation ar p q, 
but now only-to be of 'the Breadth id, fo as to admit only 
the Rays ads, air, then the Point a may be ſeen as diſtinctly 
as at 7.5, | This is manifeſt even by Experiment; for apply 
a Minute Object lo near the Eye, that it appears very confuſ- 
' ed; then place before the Eye a very (tmiall Hole made with 


a 
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a Pins end in a Paper; The Object ſhall now appear Diftinft. 

For the Hole in the Paper ſerves ro make the Pupil more Nar- 

row. Which evidently proves what we have laid down. 
The ſame may be ſhewn concerning Viſion through a Con- 


cave Glaſs Tab. 32. f. 3. 4 is a Radiating Point, whoſe Rays T3 x3. 


a b, ac, fall on the Concave bc. Thele after paſſing the Glaſs 
Diverge more than before. Let pq be the Breadth of the Pupil, 
receiving the retrafted Rays ap, aq, Thele Diverge /o much, 
that 'tis not in the power of the Eye to reduce them, and form 
them into an inward Cone, determining its Apex on the Fund 
of the Eye, Bur let the Pupil continue of the ſame Breadth, 
and recede to rs, whereit may only receive the Rays ads, air; 
and then perhaps the Eye may prevail to reduce thele ; be- 
cauſe they do not Diverge ſo much as the other Rays that fell on 
the Pupil at pg. Or otherwiſe, ler the Pupil continue at p g, 
Bur ler its Breadth be contracted to di; fo that ir may receive 
no more Rays in this Poſture, than ( continuing of its natural 
Breadth) at rs. Here likewiſe the Appearance of the Point 
a may be Diſtinft. Ot this likewiſe we may make a moſt con- 
vincing Experiment : For take a Concave of a ſmall Sphere, 
and place it very near the Eye, and the Appearance of diſtanc 
Objects through it is Confuſed. Remove it farther from the 
Eye, and the Appearance ſhall be more Diſtm#. Bur even in 
a Poſture where the Appearance is Confuſed, contract the Pupil 
by placing before ic a {mall Hole prickd in a Paper, And the 
Object ſhall appear more Diſtn&, though Obſcure, which upon 
the removal ot the Hole, ſhall be again Confuſed, though 
more Lightſome. Vid. Kepleri Dioptr. Prop. C. 
Wheretore if we have the Diſtance of a Radiating Point from 
a Concave, and the virtual Focus of the- Concave, and the Di- 
ſtance of the Eye behind the Glaſs ; we may ealily by the tore- 
going Rules ( viz; Corol. Prop. XV.) find the virtual Focus of 
thele Rays. As luppole in the _ Figthe Rays —_— 
rom 
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from a, after paſſing the Glaſs, Diverge as if they came direct- 
ly from z, And conſequently, if in Plain Viſton the Eye ar 
7 5 be ableto ſee diſtinAly thePoinr a, if it were removed nigher, 
as at 2, then it ſhall beable to ſee the Point a diſtin&ly u.cough 
the Glaſs. But whether any Particular Eye be able to do thus, 
is impoſſible to be known by Rule; The Strength and Weakneſs 
of Mens Eyes being infortely various. And therefore one Man 
may ſee a Point at a certain Diſtance diſtin&ly through a Glaſs, 
which Glaſs to another Man,would render it Confuſed ; As 'tis 
Plain in the Caſe of Myopes, or Short-ſighted Perſons. 

As to the Strong or Faint Appearance of Objects through 
Concaves ; Becauſe the Concave ( Tab. 32. f. 3.) ſcatters the 
Rays flowing from the Point a, inſomuch that now the Rays 
ab, ac, cape the Pupil pq, the Point & ſhall appear more 
Faint rhe ys Glaſs than naturally. For Strong or very Lu- 
minous .Viſton proceeds from a greater Quantity of Rays or Light 
entring the Pupil ; And Fant or Obſure Vition from a leſs Quan 
tity of Rays. 


T.32.F3, 


Scholium, 


We may here confider the different Effe&ts of Convex and * 
Concave Glaſſes. For when a Point appears Confuſed through 
a Convex, tis by Reaſon of the Too great Convergence of T 
Rays that fall on the Eye. And wes Becaute the farther 
from the Glaſs towards the Point of Concourſe the Rays that 
fall on the Eye Converge the more ; the Appearance is through - 
Them ſtill the more Confuſed, 

But in Concaves; Becauſe the Confuſed Appearance of a Point 
proceeds. from the Too great Divergence of thoſe Rays that fall 
on the Eye; and becaule the farther the Eye is from the Glaſs, 
the Rays that fall on the Eye Diverge leſs than thole that fell 
upon it when ic wa#higher the Glaſs ; Therefore through Con- 


caves, 
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caves, the farther the Eye is from the Glaſs, the more Diſtin# 
is the Appearance, but ſtill more Faint: 


Pxon KLYV. 


Concerning the Apparent Place of Objefts ſeen through Concave Glaſſes. 


Tab. 32: f. 4. If the Point a Radiate on the Concave Glaſs 732.74; 


cd, and the Rays after paſling the Glaſs Diverge as if chey came 
directly from the Point b, And the Eye eg receive all or part 
of the Rays, and thereby perceive the Radiating Point a, the 
Point b is the Locus 4pparens of the Point a; That is; the Point 
a is ſeen by the Eye, as it it wereatb. 

By which we may Obſerve, that the Apparent Place of Ob- 
jects ſeen through Concaves is brought nghey the Eye. And 
hence 'tis maniteſt, why they help their Eyes, who are ſhort- 
ſighted, or can only fee gh Objefts. For theſe Glaſſes make 
diſtant Objects ſeem ngh./id.Dechales Dioptr. Lib.2, Prop. KXXXIX. 

Here allo by the way we ſhall Note, "That ſuppoſe a Pur- 
blind Perlon, that can Read diſtinctly or ſee ObjeRts at the dis 
ſtance of a Foot from his naked Eye: A Concave Glaſs, whoſe 
virtual Focus is a Foot diſtant from it, makes ſuch a Perfon fee 
diſtant Objects d/tmttly. Wherefore knowing the Diſtance ar 
which a Purblind Perlon Reads diſtinctly, 'tis eafie to _ 
him a proper Glals for his Eye, to fee diſtant ObjeRs. Yd. 
ſecond Part. C. 3. 


Tab. 32. f. 5. Is inall things Correſpondent to the Doctrine x.;z. x; 


laid down in Prop. XXXI. Sec. 7. and marked with the ſame Ler- 
ters; ſo that the very Words of that Section may be applied to 
the Concave, as well as to the Convex. Only the Imaginary 
Focus e for the Concave is to be determin'd by Prop: XI, XII, 
XII, XV. and Corol. Prop. XV. ec. I ſhall not x ul Repeat, 
but refer to that Section, 

V. 2 PxoOe. 


_— — ——— — 


T-33+ F.1. 
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Pxoe XLVL PxrxOBL. 


To determine the wiſible Area, and the Optick Angle or Apparent 
Magnitude of an Objef feen through : Concave from theſe Data; 
The Power or Focal Length of the Glaſ 5; The Diſtance of the Ob- 

. jet from the Glaſs ; The Diſtance of the Eye from the Glaſs, and 
the Breadth of the Glaſs. 


Tab. 33. f. 1. gxl is a Concave Glaſs, whole virtual Focus 
is given. Likewiſe £4 the halt Breadth of the Glaſs is given 
x 4 a bc is an Objet, whole Diſtance from the Glais bz 
is given. And the Diltance of the Eye o from the Glals, o x, 
is allo given. 

Let us now conceive the Point oan Object or nigh Radiating 
Poinc, ſending. its: Rays og, 02, ol, on the Concave Glaſs; 
Thele ( by ci:e foregoing Doctrine of Concaves ) after paſling - 
the Glaſs Diverge more than betore their Entrance, and proceed 
in g a, [c, as 1t they came directly from a certain Point f. This 
Point f or the: Line f z, is cafily determin d by Prop. XI, XII, 
XIII. XV. and Corel. rhereot. Wheretore having f 3, we ma 
ay, As fx: ag: :fb (=fa +46) ba. Which is half 
the Viſible Area. 

As to the Optick Angle through the Glaſs, g oz, tis cafily 
obtain «| in the Se anlad Triangle g 92, havingg 2 and 30. 

Draw a0 directly, The: Angle 496 is the nacural Oprick 
Angle, under which the Object would appear to the Eye, 
were the Glaſs removed ; This we obtain in the right-angled 
Triangle a bo by having ab and bo = bx + xo. 


Scholium 1. 
If inſtead of the Glafles Breadth, we have given the Breadch 


233-F.:.0f the Object ab c (Tab. 33. f. 2.) We may caſily determine 


the 


l 
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the Portion of the Glaſs through which this Obje& is ſeen. 
For from the Point f, draw f a, fc, Thele Interſe&t the Glaſs 
inz 1; I aygl is the Portion of che Glals, through which the 
ObjeX ac 1s viſible. | 

And it the Line fm being drawn do not fall on the Glaſs, 

the PoiNz #4 10 the Obyect 15 not viſtble through the Glals to the 
FE \ - al. ©, 

Scholium 2. 


—_——— — — — — <I> i ee rr oo, 


The foregoing Problem, as it relates to che Optick Angle, 
may be fol ved- another way by determining the Locus Object. 
Bur then wo the former Data, inite1d of the Breadth of the Glaſs, 
we cannot add the Breadth of the Object. 
This is Evident from Tab. 32. f. 3. To which we may ap- 74x: ».;. 
ply che Words of the Second Scholium, Prop. XLII. withour fur- 
ther Repetition, 
Example of a Calculation according to Prop. XEVI. apply'd 733. x... 
to Tab. 33. f. 1. 
Focus of the Glals = = < — 4573. 
+ Breadth of the Glals = 23 = 500 
Diſtance of the Object = bz = 10000 
Diſtance of the Eye = 40 = 20000 
Halt the Vitible Area = ab =? 
Halt Optick Angle = gox = ? C Lueſit. 
Firſt by Corol. Prop. XV. 30 + Fo. Glaſs: 30: : Fo. Gi: zf 
That is in Numbers — — 24573 : 20000 :: 4573: 3722. 
Then — af :ga::bf (= ba+xf): ab 
That is in Numbers © — — 3722: 500:: 13722: 1843. 
Laſtly in che right-angled Trianglego 2, as 20: Rad: :g IJ 
Tang. Zg034,= 1 25 50. ; 
Example Calculated according to the Mechod Propos'd in 
this Second Schol. Prop, XEVI. bart the Letters refer to Tab. 3 247.32 F.5; 


t 5. 


Data. 


Focus 
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Focus of the Glaſs = =  — — — 4573+ 
Diſtance of the Obje&t = bz = — — — 10000 
Diſtance of the Eye = 40 = — — — 20000> Data. 


Half Breadth of the Object + Lg LS 

Foundin the foregoing Example) © ** © "7" 

Firſt by Corol. Prop. _ bz 4+ Gl. Focus :bz:: Gl. Fo:ze 
That 1s in Numbers 14573 : 10000::4573:3138 
MR ode ens I res hes ns eg ens £3 :- #6::2e 2 65> 
That is in Numbers — — 10000 : 1843 : : 3138 : 578. 

Laſtly inthe right-angled Triangle de o,as oe (= 04 + xe 
= 23138): Rad::ed: Tang, Zdoe= 1' 25 50. agree- 
able ro what was found by the immediately-preceding Calcu- 
lation. 

I ſhall now ſhew, how by this Method of Demonſtrating 
the Properties, Effects, and Appearances of Glafles ; Some 
of the noted Propoſitions in Dioptrick Writers may be cahily 
proved. In which the Authors have been very Operoſe, and in 
{ome very Obſcure. And becauſe I will not interrupt the Series 
-of my Propofitions, I ſhall give them in the following Order. 


Pxoe. XLVIL 


The further the Eye is removed from the Concave Glaſs, the Ob- 
jeft appears the leſs. Zahn Teleſcop: Fund. 2. Syn. 2. 
Cap. 5. Prop. XXII. Dechales Dioptr, Lib. 2. Prop. LIL. 


T.32.F.5 This is manifeſt from Tab. 3 2. f. 5. For we are to Conſider 


the Image def, in the virtual Focus, as the Obje&, and as 
look'd at without the Glafs. For the Lines do, fo, which de- 
termine the Optick Angle, are drawn directly to the Eye at o, 
Wherefore if we conceive the Eye o removed farther from che 
Glals; the Angle d of muſt needs decreaſe, and conſequently the 
Object appear leſs. Whar is here ſaid of the Concave may be ap- 


T.31.-.3.Þly'd to the Convex in Tab. 31. f. 3. Pxop. 
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Pxoe. XLVIIL 


If a Concave Glaſs be removed from the Eye, ſo large an Area or 
ſpace of the Objeft cannot be ſeen through i. 


This is the 97th Prop. of Kepler s Dioptricks. Wherein he 
ſeems to make no Diſtinction berween removing the Glaſs from 
the Eye, and removing the Eye from the Glaſs. * Whereas there is a 
very great Difference berween both Motions to be confiderd 
in Dioptricks. For in moving the Glaſs from the Eye, the Glaſs 
Approaches the Obje&t, and the Laces Apparens Objetti is chang- 
ed. But in moving the Eye to or from the Glaſs, the Locks Appa- 
rens Objeti never alters. Prop. XXXI. Sec. 7, And from his 
Proof of this Propoſition 'tis manifeft, that he ſhould have ex- 
preſled it thus, 

If the Eye- be removed from a Concave, jo large a ſpace of the 
0bje& cannot be ſeen through it. 

Wherefore inſtead of the foregoing 48th. Propofition, I ſub- - 
ſticute this; Which is Evident by our foregoing Method from 


Tab. 33. f. 3. Wherein a bc is an Object, g | a Concave Glaſs, T33-F 3-1 


athe Eye nigh the Glaſs, e the Eye more Diſtant from the Glaſs. 
Ler the Point of Divergence, an{wering to the Station at 0, 
be f (determin'd by the | 6-C Doctrine ): draw fg a, f lc, 
directly ; the ſpace vifble at o is ec... Now, when the Eye is 
removed from the Glals.to e, the Point of Diver {hall alſo 
be removed from the Glaſs , and determin'd by what fore- 
goes, as ſuppoſe at q ( till the Eye be at an infinite Diltance, 
and then the Point of Divergence is as far from the Glaſs as 'tis 
poſſible, viz. in the virtual Focus): draw qgn, qlm, directly; . 
The ſpace viſible at e is nm lels. than ac. Which was to be. 
Demonſtrated. . 


Or. 
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T43-F.1. Orotherwile. Tab. 34. f. 1. def is the Locus Apparens Ob- 


je abc chrough the Glals gl; the Eyc isato; og, o/ produced 
directly meet the Image in the Points d, f. Wherefore exactly 
the whole Object abc, and no more, is {een through the Glals 
21 by the Eyeato. LettheEye be removed to q ; if we draw 
qd, qf, thele fall not on the Glaſs, and conſequently the 
Extremities of the Object a and c ſhall not be perceived by the 
Eye at q through the Glais. ( Schol. 1. Prop. XLVI. ) Draw 
therefore qg, ql, and produce them directly ro n and m; the 
Points in the Object y x, ant werable tothe Points n, m, are the 
utmoſt Extremities viſible chrough the Glals g | to the Eye at q. 
Which Points y, x, are e-fily determinable by what is laid 
down Prop. XL. Sec. 3. For jrom the Center of the Glaſs z, 
draw 2ny, mx, directly ; y, x, are hereby derermin'd. 

As to this 48th. Prop. viz. T hat if a Concave Glaſs be removed 
from the Eye, ſo large an Area or ſpace of the Objeft cannot be 
feen through it. "Tis needleſs to enlarge thereon, after our 
AGth. Prop. 

Pxoe. XLIX. 


The farther a Concave Glaſs is removed from the Eye, The Ob- 
jeifs are thereby the more diminiſhd, as long as the Glaſs 
continues nigher to the Eye than to the ObjeR, 


This is the 98th. Prop. of Kepler's Dioptricks. We may find 
ic allo, In Cherubin's La Duoptrique Oculaire pag. 77. Dechales 
Du ptrica Lib. 2. Prop. XX XV1IIL Herigonu Duptr. Prop. XXX. 
Bur 1n all of them obſcurely and looſely proved. 

The Propoſition is univerſally True, as well in Convex as 
Concave Glalles, only with this Reſtriction in the Convex, 
That the Objett is to be nigher the Glaſs, than the Glaſſes Focal 
Length. And then we may expreſs the Propoſition uniyer- 
lally thus, 

A Con- 


T43- F. 1, 
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Or otherwiſe. Tab. 34. f. 1. def is the Locus Apparens 0b- 
jefti a bc through the Glals gl; the Eycisato; og, o/ produced 
directly meet the Image in the Points d, f, Wherefore exactly 
the whole Object abc, and no more, is {een through the Glals 
g| by the Eyeato. LettheEye be removed to q ; |t we draw 
qd, qf, thele fall not on tle Glaſs, and conſequently the 
Extremities of the Object a and c ſhall not be perceived by the 
Eye at q through the Glaſs. ( Scho!. 1. Prop. XLVI. ) Draw 
therefore q2, ql, and produce them directly to n and m; the 
Points in the Object y x, ant werable rothe Points n, m, are the 
utmoſt Extremities viſible through the Glals g | to the Eye at q. 
Which Points y, x, are e:fily determinable by what is laid 
down Prop. XL. Sec. 3. For irom the Center of the Glaſs x, 
draw 4ny, 4m x, directly ; y, x, are hereby determin'd. 

As to this 48th. Prop. viz. T hat if a Concave Glaſs be removed 
from the Eye, ſo large an Area or ſpace of the Objeft cannot be 
feen through it. "Tis needleſs to enlarge thereon, after our 


46th. Prop. 
Pxoe. XLIX. 


The farther a Concave Glaſs is removed from the Eye, The Ob- 
jeits are thereby the more diminiſhd, as long as the Glaſs 
continues nigher to the Eye than to the Objef, 


T his is the 98th. Prop. of Kepler's Dioptricks. We may find 
ic allo, In Cherubm's La Duptrique Oculaire pag. 77. Dechales 
Duo ptrica Lib. 2. Prop. XX XVIII. Herigonu Duoptr. Prop. XX.XI. 
Bur 1n all of them obſcurely and looſely proved. 

The Propoſition is univerſally True, as well in Convex as 
Concave Glafles, only with this Reſtriction in the Convex, 
That the Objett is to be nigher the Glaſs, than the Glaſſes Focal 
Length. And then we may expreſs the Propoſition univyer- 
lally thus, | 
A Con- 


Tab 34: 29-252 | 
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A Convex-Glaſs being equally Diſtant from the Eye and from the 


Objett, renders the Appearance the moſt Magnified; and a Concave the 
moſt Diminiſhed, that That Diſtance of Eye and Obje# will allow. 

For the Proof hereot I need offer no more than the follow- 
ing Calculations ( inſtituced according to the Doctrine Prece- 
dent.) wherein we ſhall find (Tab. 31. f. 3.and 7ab. 32. f. 5.) 
the Angle doe, ( which is the Angle under which the OQbject 
appears through the Glals) in the ſecond Caſe ( wherein the 
Glaſs is equally Diſtant from the Eye and Object) to be great- 
er for the Convex, and leſs for the Concave, than the ſame Angle 
in either of the other Cales. 

And by the ſame Calculations we may likewiſe obſerve in 
the firſt and third Caſes, That when the Glaſs is equally remo- 
ved from the middle towards the Eye, or towards the Object, 
the Appearance is equally magnihed by the Convex, and dimi- 
niſh'd by the Concave ; for we findin the firſt and third Caſes, 
the Angles d oe equal. | 

I ſay, this may be ſufficient for the Proof of the foregoing 
Poſition, Bur to this I ſhall add alſo this farther Confiderari- 
on. That bythe preceding Dactrine, the magnify'd Appear- 
ances of Objects # mane” Mts and their Kind df Ap. 
pearances through Concaves, being deduced from the Loci Ap- 
parentes of Objects through thoſe Glaſſes, We may eaſily con- 


T.31. F.x. 
T.33. F.$. 


ceive; Thar ſuppoling the Convex-Glaſs 2l-(Tab.34.f. 2.) org, x, 
Concave 1 (Tab.34. f. 3.) to touch the Eye o, and that the x, x, 


Apparent Place of the Object abc is def. The Eye perceives 
the Obje& under its own Natural Optick-Angle, neither mag- 
nify'd or diminiſh'd by one or tother Glaſs. 
Eikewiſe if, in the ſame Figures, we conceive the Glaſles 
( which are ſtill ſuppoſed of the leaſt thicknels imaginable ) to 
touch the Objects, the Object and Locus Apparens thereof are the 
fame; and conſequently, the Optick-Angle in this Poſture can 
neither be increaſed or diminiſhd by either of the Glaſles. 
X Where- 
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Wherefore it remains, that ſeeing the Glaſſes do not at- all 
Exert their Effects in either of the Extremes, that is, either touch- 
ing the Eye, or tonching the Objeft: And ſeeing chey Exert their 
Effects equally bein eenall removed fromthe middle z between 
the Eye and the Object; It will- follow, that chey Exert their 


Effects moſt powerfrlly being placed juſt in the-middle x berrvecrt 


the Eye and Object that is, the Convex wy Magnifying, and 
the Concave by Diminiſhing the Appearance 

And thus much fhall” ſuffice Gnceraing ſingle Giaffes 499 
th the Fye. ; 901) N11) , | 
Here foe the Caltitations, 4 10 To71 9-0 


$3 4% > 


—_ 


"541% . of 1904971 © 5 Id by ay, oO IILAS 7d Tom TmotT 
Par jad nt 0158 br reels 2103 rgat boy 
* Calculation to the C ONT} E x Fab: Lodo 
.” Focus of the Glaſs = 10.606 | lt the"! fan 
Breadth of the Object >= = 4b = = 1,000J I all the Caſes. 
Sore Ry ms — " T0 a Tomo 
| ell os BY F 
- "Bf Cafe,” in] Strort Cafe” "Third Cofe. 7 
Wherein the Diſtanes|  Wherein the Glaſs is], )Wherem the Diſta 4 
between the Eye and the equally diltant from che |berwee e and the! 
3 02 45 given greit- Eye cats, b vor ven [efbehin} 

. [© than the Diſtance be-\ © 1162) 2920 | 5/1 [rhs Diſta ITE 
ee, 0 Ob, and,... 1... / - \ »Þ: & apdfhe Gila #) 
| ' »d £5 » ob #&  *4\ + | 4 S261Y 31 agg A 

| bz, = 3000 ba =6. T5 
os 0%='9,000 | "Pp I 500. 4 ER = | 
A132} 720103 10 7! & Jy {WVD 10 Yin 

% = 4,286 | 44 ads 15.606 "v4 2. « 6d 

e d = 1429 || ed'= 2.560 ' 4 t=' lopes 4 

"Ss 'N, : Undd 
0e=0%Y%TZLe=13,286 04802 FL 21.500 arkon bon 4.099| 
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Calculation for the CONCAVE Tab. 32. F. 5. 
Focus of the Glaſs = 10 000 Given the Game 
Breadth of the Obje&t = ab = 1 000 F in all the Caſes: 

Firſt Caſe. Second Caſe. Third Caſe, 
Wherzin the Diſtance] Wherein the GlaG is} Wherein the Diſtance 
between the Eye and the| equally Diſtant from the| between the Eye and the 
Glaſs 0 & 15 given great-| Eye and Obje, that is,| Glaſs o z is givenleſ than 
et than the Diſtance be-[b z—=z 0 the Diſtance between 
emeen the Obje and the the Obje and Glaſs b z. 
my bz. | 
bz, = 3,000 b z = 6,000 bz=9,000 
D&8 \ ,v= 9,990 Det . 0% 3 6,000 —_ 0 CO 
% & = 2,398 $8 = 4,770 te = 47 
e d = 0,769 ed —= oe | fs = kgpk 
oe=o0z +2e= 11.398]oe =o2+ ze=9g,qzoloe = 4 Saad 
lk. doe=23" 53 20" COPE IrY bk. doe—3*53' 20". 
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Hitherto we have Treated of ſargle Convexcs and Concaves, 
apply'd to the Eye. I proceed now to the Combination of Con- 
vexes with Convexes, and Convexes with Concaves; Wherein 
the Properties, Effects, and Appearances of Teleſcopes, and Mi- 
eroſcopes, of all kinds ſhall be declared. 


- 


Defmi- 


T.32.F.5. 
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Defuutions, 


The 0bje#-Glaſs is the Glaſs next the Object. 

The Ee-Glaſs, ſimply ſo called, is the Glaſs immediately next 
' the Eye. Bur if there be more than one, the firſt Eye-Glaſs is 
- that next the Obje&t-Glaſs; the ſecond is thar next the firſt, &c. 


$ Pro? LL 


The Teleſcope, conſiſting of a Convex Objeft-Glaſs and a Convex 
Eye-Glaſs of a leſs Sphere or greater Convexity, is explained. 


Tab. 35. f. 1. Let there be a Diſtant Object ſuch as 4BC; 
From whoſe higheſt Point A let the Rays a4 a, mark'd by the 
long Pricks, proceed. And from the middle Point B, let. 
the Rays expreſſed by the continued- Lines bbÞb', proceed. 
And from irs lower Point C, the Rays mark'd by the round 
Pricks ccc. And ſo Rays from all the other Points in the 
Object. Thete falling on the Object-Glals x yz, are formed 
thereby into the Diſtinct Bale fed. Let now the Eye-Glaſs 
2 bl be placed as far diſtant from this Diſtinct Baſe f ed, as is 
the Focus of this Eye-Glaſs, that is; Let e þ be the Focal 
length of the Eye-Glaſs gh1 ( And conſequently the Diſtance 
of the Glaſſes yh is the Aggregate of both their Focal lengths ) 
And let the Eye 0 be placed as far diſtant ( or rather a little 
more diſtant) from the Eye-Glaſs g b1 as is the Focal length 
of the ſame Eye-Glaſs. I ſay the Eye ſhall perceive the Object 
ABC, Diſtintt, Magnified, and Inverted. 
Firſt, I ſay the Object is ſeen diſtin#ly. For the Rays from 
each Point, being -made by the Obje&t-Glafs ro Converge to- 
wards the Diſtinct Baſe, proceed forward from the Diſtinct 
Baſe Diverging, and ſo-fall'on the Eye-Glaſs. Thus the 
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Rays bx, by, bx;, from the middle Point of the Object B; 
are made to Converge into xe, ye, 4e; And crofling at e, they 
flow' forward, and fall on the Eye-Glaſs about þ Diverging. 
Wherefore the Point e being now in the Focus of the Eye- 
Glaſs, the Rays that flow | Ion it upon the Eye-Glals, after 
paſſing the Eye-Glalſs become parallel (Prop. VI.) and fall 
fo on the Eye ato; By whole Coats and Humors they are re- 
fracted and brought together on the Point s on the Retina (Prop. 
XXVIIL Sec. 7.) there painting the lively Image of the Point 
B in the Object. 

Secondly, In like manner may we conceive the Repreſentation 
of the Collateral Points: thus the Rays 4 x, 4.y, az, proceed- 
ing from the upper Point A of the Object, are by the Objecr- 
Glals xy 3; made to Converge towards the Diſtinct Baſe in 4d; 
From whence flowing forward they fall Diverging on the Eye- 
Glaſs at |; by which they are made ro run parallet amongſt 
themſelves, and are bent rowards the Focus-at o; where falling 
on the Pupil parallel, they are by the Eye refracted and 
brought together in the- Point » on the Retma. There paint- 
ing the Repreſentation of the Point Ain the Object. 

Thirdly, That the Rays flowing Dizerging from each parti- 
cular Point in the Diſtinct Bale f ed are brought by the Eye- 
Glaſs to a Paralleliſm amongſt themſelves, is- manifeſt trom 
Prop; VI. And that the Rays from f, frome, and from d, 
are mixt and. confuſed by the Eye-Glaſs in its Focus at 
0 (or thereabouts) is manifeſt from hence, that we ma 
conceive one Ray in the Cone of Rays 2 f, or in the Cone of 
Rays xf x, that runs parallel ro- the Axis yehos, or art leaſt 
that would run fo parallel, it the Breadth of the Object-Glaſs 
in reſpect of the Breadth of the-Eye-Glafſs will permit. This 
Ray, I ſay, by the known Properties of the Convex Eye- 
Glals, ſhall be refracted into its Focus at 0; and all the other 


Rays of the ſame Cone f 2, atter paſſing the Eye-Glals, ſhall 
be 
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be refracted and made to proceed parallel to that ſingle Ray 
that is bent into the Focus o, becaule the-Pojat f is luppoled 
in t'other Focus of the Eye-Glals. Wherefore the Rays trom 
all che Points in the Diſtinct Bale are cantounded together abour 
the Focus of the Eye-Glals. | 

Fourthly, Or otherwiſe I ſhall explain this matter thus; If we 
conceive y, a Radiating Point, enging forth the Rays y 2, 
y b; yl: And the difference berween the Focal. length of the 
Object-Glaſs and Focal lengrh of che Eye-Glaſs to be very great 
( as ſuppoſe the Object-Glaſs to be twelve Foot, and the Eye- 
Glaſs "208 Inches) we ſhall find by Prop. V. the Point 0, 
where the Rays g o, | o, croſs the Axis or Perpendicular Ray . 
ho, to be very nigh the Focus of the Eye-Glals ( viz, in our 
Suppoſition ho ſhall be 3.063 Inches ) and let the Focal lengths 
of the Objea-Glaſs and Eye-Glaſs bear whatever Proport 
the Point 0, where g 0, lo, ſhall croſs þ 0, may be determin'd by 
Prop. V. Bur then indeed the Rays thar fall on the Eye without 
2 0,0r within it, do croſs the Perpendicular Ray ho, farther fram 
the Eye-Glals, or nigher to the Eye-Glaſs than g o it ſelf ; For 
they do not proceed from the ſame Pointy; And g0 is on| 
the Retraction of the Ray yg. And therefore, (unlels the dit- 
terence between the Focal lengths of the Obje-Glals and Eye- 
Glals be Conſiderable, the Eye may move conſiderably nigher 
to the Eye-Glals, or farther from the Eye-Glals than the Pginr 
0, and nor perceive any Alceration in the Appearance of the 
Object, Bur it the ſaid Difference be Conſiderable, (as it always 
is iy Teleſcopes ) the Eye can move bur very little either far- 
ther from or nigher to the Eye-Glaſs than o, bur it ſhall perceive 
a great Alteration in the Appearance ( that is, in the Viſible 
Area) of the Object. As ſhall be maniteſted more plainly 
hereafter. 

From all which it appears, That the Pupil of the Eye at o, 
being in the place of the greateſt Confuſim, where the Rays 
rom 
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from all Points in the Object are mixt together, and the Rays 
from each ſingle Poinc fall parallel amongſt themſelves.; The 
Appearance of the Obje&t mult needs be Diſtin. By Prop. ; 
XXVIII. Sec. 3. 

Fifthly, I ſay likewiſe the' Obje& is magnified. If the naked 
Eye were in the place of che Object-Glaſs at y (Tab. 35. f. 2. ) 7-35 F2- 
the Object would appear'to it under the Angle aye = f yd. 
T hat s4-\the Obje&t. would.ap ear to the Eye at y, under the 
fame : Ante 15" the (Diftih- Wt f e'4; were it an Object, | 
would! It the Tae Fenty." Wherefore lee us now 
confer whe Diſtine Baſe B&LObjeEt: This appears to 
the Eye at o through the Eye-Glaſs under the fartie Angle g ol, 
as were the naked Eye viewirlg it at þ, by Prop. XXXIlI. Make 


> q equal lts'eþ, and dra h 1% 47 aritl7f, qd. The Angle 
fh dby-4Þ7 2AXXIV. bs eeub't6' #1, the Oprick- Angle 


thro | 


the Teleſcope, ind the Pint Angle f bd is equal to 
f qd. Bur f'5' tmhuch greater thantf y'4 = ayc the Natural 
Optick-Angle to the Eye luppoſed®ar'y.' #nd yer much greater 
than the Natural Optick-Angle would beto the Eye at o. Be- 
cauſe o is yet further from tht outward real Object than y by the 
whole length of the Teleſcope. Wherefore the Object is 
Maran ig 5 2 1 . fr 

( "Et, {ay the ObK® appetts Hverted. This is manifeſt | 
fin he! very "Shieme Tab. 35. ff. 1.) without farther Ex- 7;.7.. A 
plication. © For che'Obje&t is Inverted in rhe DiſtiaCt Baſe, and | 
the Eyc-Glaſs-Yoes not-rtturn' it again before it arrive at the | 
Eye, bur 'tis painted on the Retina rst Ereft; wherefore by 2} 
Prop X XVII Ser.'4, 5+ the ObjeRt appears Inverted. See allo | 
Prop. XXXLS. Sec. 4, 5. 


Scholium. 


The Locus Apparens of an Object through this Glaſs is the 
Diſtin Baſe fed (Prop, XXXL.) as is manifeſt from this | 
Ex- 
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Experiment. Stretch an Hair exactly in this Diſtin& Baſe, -it 
ſhall appear as it were fixt ro.che very Object. id. Chap. 5. 
Sec, 3. of the Second Parr. 


Prxoe. Ll Lemwa. 


If the Eye direftly approach to or recede from an Objeft; it ſhall 
be, as the Tangent of the Semioptick-Angle of one Station: to 
the Tangent of the Semoptick; Ang le of -t'other Station : 3;:S0 
(reciprocally) the Diſtance of. the Eye from the Ohjed in this lat- 
ter Station : to the' Diſtance of the Eye from the Obje## in the 
Former Station. ha... þ In 


T.32-Faz; Tab. 35. f. 3. Let abc be an Objea, from, whoſe middle 


Pvint c. erect c e Perpendicular to ab. Ler' the firſt Station of 
the Eye be at e, and. irs Tecond Station at d; anddraw ad, ae; 
I ay therefore, As ce: to.cd:: ſo Tangent of the Angle a dc: 
to the Tangent of the Angle; ae c. 3 


Demonſtration, 


+ Produce c 4 infinitely towards z, draw e x parallel to ad. 
The Angle ze c is equal to the Anglea,dc (29. 1,:Ewcl.) 
then.e c being put Radius, 2c is the Tangent, of, the Angle 
zec=adc; Andac is the Tangent of the Angle aec; And 
it ſhall be, As ce: tocd:: foxzc: to ac: (2.6. Eucl.). which 
was to be Demonſtrated. | J 974 
This is the 3 1 Prop. of Gregoris Opt. Promot, but thereothet- 
wile Demonſtrated, 8 | 


Þ 
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Pxoe. LIL. 


LEMMA 2. 


If the Eye direftly approach to, or recede from an Obje&, its appa- 
rent Bigneſs increaſes or diminiſhes, as the 'Tangents of the 
Semioptick- Angles at one and t other Station. 


This is manifeſt, for the Eye at d (Tab. 35.f. 3.) fees acrz; 2 
as big as the Eye at e would fee 3c, by Prop. XXVIIL. Sec. 6. 
Becauſe the Angles adc, zec are equal; and Que ſub equali 
Apparent Angulo, Aqualia videntur. So that the-Eye advan- 
cing from e to d, ſees ac as much bigger, as if, continuing at e, the 
Object ac had increaſed to c x; 


Corollary. 


From this and the laſt Propoſition it follows, that if the 
Eye direftly approach to or recede from an Object, its appa- 
rent Magnitude increaſes or diminiſheth, as the Diſtances of 
one and t other Station reciprocally, that is, the apparent Mag- 
nicude of ac to the Eye atd: is to the apparent Magnitude of 
a c tothe Eyeate:: asce: tocd. 


Px oe. LIL 


The apparent Diametral Magnitude of an Obje& viewed through 
the Teleſcope of Prop. L. Is to the apparent Diametral Magni- 
tude of the Objeft viewed by the naked Eye at the Station of the 
Obje-Glaſs: : As the Focal length of the Objett-Glaſs : to the 
Focal length of the Eye-Glaſs. 


ters, but hitherto proved by none ( for as much as I know ) 


This is the great Propoſution aſſerted by moſt Dioptrick Wri- 
_ they 


| 
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they offer indeed Experiments and Methods of Tryal to con- 
firm the Truth thereof, bur proceed no farther. 

Vid. Cherubin Diop. Oculaire Part. IL. Prop. XXl, LIX. LX. 
LXII. Kepleri Diopty. Prop. CXXW. Galilet Nancius Sidereus 
pag: 12. Edit. Lond. 1653. 80. 

Honoratus Faber in his Synopſis Optica "Prop. XLIY. for the 
Teleſcope conſiſting of a Convex Object Glaſs and Concave 
Eye-Glaſs; and in Prop. XLF. for the Teleſcope conſiſting 

: of a Convex Obje-Glals and Convex Eye-Glals, indeayours 
_ 7 at ſamething, which he calls a Demonſtration of this Property, 
Bur whether that which he there offers will amounc ro clear 
SatisfaQtion, I leave ro their Judgments, who ſhall Read him. 
Dechales in Prop. LIV. Lib. 11. Diopty. thinks this Propoſt- 
tion {o far from Demonſtrable, that he takes it to be Falſe; and 
fays, He never met with any Demonſtration thereof, that did 
not include manifeſt Paralogiſms. Perhaps he may be righe 
in this latter part of his Aſtertion ; but the Reafon he gives 
for his concluding it a Falſe Propoſition is manifeſtly Weak 
and Erroneous : And that on the account of an inartificial kind 
of Notion and Method, that he takes for Explicating the Mag- 
nifying of Teleſcopes ; eſpecially of the Telefcope furniſh'd with 
a Concave Eye-Glaſs, which he explains after his manner in 
Prop. LI. | 

It were needleſs to inlarge in this matter, I ſhall therefore 

pals it over, and haſten to . Demonſtration of this Propoſition. 
T.35-F2, Tab. 35. f. 2. Let the Cbjet-Glals xy x Project the Image 
of the Object ABC in the Diſtin& Baſe fed, gb is the Eye- 
Glaſs, he the Focal length of the Eye-Glaſs, ro which ler e q 
be made equal, Draw hf, hd, and gf, qd. And let the 
Eye at 0 be placed in the Exteriour Focus of the Eye-Glaſs.The 
Rays fg, ydl, are refrafted by the Eye-Glals, and crols 
ato, Wherefore gol is the Angle under which the Object ap- 


pears through the Teleſcope. Burt the Angle g 01 is equal co 
the 
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the Angle f þd ( as well by what foregoes in Prop. L. Sec. 3. 
& 5. as by Prop. XXXIV.) And the Angle f bd is equal to 
the Angle f q d. 

Wherefore were the naked Eye ary the Station of the Ob- 
je-Glaſs, ir would perceive the Obje& under the Angle f yd 
= 4yc. But now being armed with the Teleſcope, it ſees 
the Object under the Angle f qd.. Let us take their halfs f ye, 
f4qe; and conſider f e, half che Diſtin& Bale, as the Obje&t 
viewed by the naked Eye at the Scations y and q. I ſay ( by 
Lemma 2.) The apparent bigneſs of the Obje&t f e at the Station 
q: Isto its apparent bigneſs at the Station y :: As the Tangent 
of the Angle f qe: To the Tangent of the Angle f y e. 
Bur (by Lemma +1.) the Tangent of the Angle f qe: Is to 
the Tangent of the e fye:: Av eyrt To e4 
Therefore the apparent bignels of the Object f e ar the 
Station q : Is to irs apparetit bigneſs at the Station y:: As e y : 
Toeq: that is, As the Focal letgrh of the Object-Glaſs : To 
the Focal length of the Eye-Glaſs. Burt the Angle goh, under 
which the Eye ſees halt the Obje&t through the Teleſcope, is 
equal to the Angle f he or fqe. Therefore the apparent Dia- 
metral bigneſs of an Obje& viewed through 4 Teleicope.: Is to 
the apparent Diametral Magnitude of the Obje& viewed by 
the naked Eye at the Station of the Obje&t-Glaſs : : As the 
Focal lengrh of the Object-Glaſs: To the Focal length of the 
Eye-Glals Which was to be Demonſtrated. 


The ſame may be declared otherwiſe. Thus; Tab. 25.735 *-. 


f. 2. Let us ſuppoſe the naked Eye at þ co view the Object In- 
verted by means of the Diſtinct Bale fe 4; The Inverted Ob- 
ject ſhall appear under the Angle fþd (by Prop. XL.) But 
the Eye ac 0 through the Glaſs perceives the Inverted Image 
of the Object under the Angle gol equal to f b d, ( by Prop. 
XXXIII. ) and f hd is equal to fqd, and conſequently ( as 


in the foregoing Demonſtration ) the Propoſition 1s manifeſt. 
MA L (hall 
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| ſhall now mention the common Method for crying the 
Truth of chis Propoſition by Experiment. Having the Focal 
length of an Obje&t-Glals ( for Inſtance ) 144 Inches, and 
the Focal length of an Eye-Glaſs three Inches. A Teleſcope 
compoſed of Pele ſhall make the apparent Diametral Magni- 
tude of an Obje&t: To the apparent Magnitude of the ſame 
Object viewed by the naked Eye:: As 144: To 3 :: or 
48 : Toi. Wherefore, ſuch a Glals is ſaid to Magnihe 48 
times in the Diameter of the Object, and 2304 ( = ſquare of 
48) in the Surface of the Object. The Superficies of like Fi- 
gures beiag to cach other, as the Squares of their Diameters, or 
Homologous Sides. , 

Wherefore from a convenient Scale take one part, and there- 
with delcribe a Circle; And from the ſame Scale rake 48 
parts, and deſcribe another Circle. Let thele two Circles be 
cut out in Paper, or other Conſpicuous Material, and placed at 
three or four Foot from each other, on a Wall at ſuch a Diſtance 


as will require the length between the Glafles in the Teleſcope 


' bur juſt 147 (= 144 +3) Inches, to ſhew 'thele Objects 


diſtinctly ; Then with one Eye through the Teleſcope oblerve 
the ſmaller Circle, and .at the ſame time with t'other Eye 
naked look upon che greater Circle ; 'thele-two Circles ſhail 
appear equal to both Eyes. 

Perhaps it may be objected, That the Compariſon is not 
fair berween both Appearances, For the Propolition ſuppoſes 
the naked Eye at the Station of the Obje&t-Glaſs ; Bur this 
Experiment ſets the naked Eye Diſtant from the Obje-Glaſs 
the whole length of the Teleſcope. This would be a marte- 
rial Objection againſt this Method of Tryal, , were not the 
Diſtance of the rwo Circles from the Eyes vaſtly greater than' 
the lengrh of che Teleſcope; ſo that the Teleſcopes length may 
not bear any ſenſible Proportion thereto. And ſuch we ſup- 
pole it in this Experiment, by advertiſing that this Diſtance is 
ro 
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to be ſo great, that the Diſtance between the Glaſtes may be 
no longer than for viewing a Diſtant Obje&, wiz. the juſt 
Aggregate of che Focal lengths of the Glaſſes, that is, 144 
+ 3 = 147 Inches, that is, ye +eh = yh. 

[ ſhall now give an Example of a Calculation according to 


this Propoſition. Wherefore in Tab. 35. f. 4. ler us take the 35. F4. 


Moon A BO. for our Diſtant Object ; and let us ſuppoſe 
its Diameter to ſubtend an Arch of a great Circle of Heaven of 
30' Minutes. Letthe Ray ayd proceed from its upper Limb, 
b ye from its Centre, c yf from its lower Limb. Thele croſs 
in the Vertex y, or middle Point of the Obje&t-Glals xy x; 
making the Angle fyd = aye, equal to zo Minutes. Ler 
the Focal length of the Object-Glaſs e y be given ewelve Feet 
= 144 Inches, or 144,00 Parts : And the Focus of the Eye- 
Glaſs he be giventhree Inches,or 3,00 ſuch Parts.Ler the Diſtinct 
Baſe, -wherein the Image of the Moon is Projected by the Ob- 
ject-Glaſs be f e d, and draw f h, dh. Ir is ſhewn betore that the 
Angle go is equal to the Angle f he. 

Wherefore in the Right-angled Triangle f e y, we have. e y 
= 144,00, and the Anglefye = 15', to find fe = 0.63. 

Then ia the DER Triangle f eh, we have he = 3 00, 
and fe = 0.63,to find the Angle f he = 11* 51' 40", 

Wherefore the Semidiamerer of the Moon, which by the 
naked Eye would be. fcen under the Angle of 15' Minutes, is 
ſeen chrough this Teleſcope under an. Angle of 11* 51' 40”, 

Let us now enquire, whether the. Object appearing under 
an Angle of 15' Minutes, and being afterwards made- to ap- 
pear under an Angle of 11* 51' 40”, doth not thereby appear 
48 times bigger than. naturally. ( for ſo much, by whart tore- 
goes, does this Glals Magnihe ). 

And for ſhewing this, let us imagine f e increaſed 48 times its 
length 0,63; And then inquire what Angle f y e would be. Where- 
fore fe is now ſuppoled = 30,24.= 48 times 0,63; Then 

1n 
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in the Right-angled Triangle fey, we havefe = 30,24, and 
ey = 144,00, to find the Anglef ye = 11*51' 40". Which 

ews that the Semidiameter of the Moon, being made by the 
Glaſs to appear under an Angle of 11* 51 40, is [cen by the 
Eye as big, as if the Semidiameter of the Moon it felt were 
really increaſed 48 times, and viewed by the naked Eye. 
Which is the propoſed Deſign of this Calculation. 


Corollary 1. 


From hence it follows, That the ſame Objecr-Glals being 
at one time combined wich an Eyc-Glaſs whoſe Focus is 1. 
And at another time with an Eye-Glaſs whole Focus is 2. The 
firſt Teleſcope Magnifies twice as much as the larter, 


Corollary 2. 


Suppoſing two Teleſcopes of different lengrhs ; If the Fo- 
-CUS The Fye-Glaſs of > 1 wins bears eng Proportion 
ro the Focus of its Object-Glals, as the Focus of the Eye- 
Glaſs of the longer bears to its Objecr-Glats : Theſe two Te- 
leſcopes Magnif equaily. 

And hereupon perhaps it may be enquired, To what end 
then is all che Pains and Trouble in forming and managing 
Teleſcopes of 30. 40. 50. 100. 200. 300, Wc. Feer ; When 
Objects may be Magnified as much by ſmaller Objea-Glaſles, 
or Object-Glaſles of ſhorter Focal lengths, combined with Pro- 
portional Eye-Glaſes ? 

I anſwer Firſt, That Objecr-Glaſſes of a ſhorter Focus will 
not bear proportionably Eye-Glafles of ſuch ſhort Foci, with- 
our coloring the Object and rendring it dark, as Objecr-Glal- 
ſes of longer Foci. For Inſtance, let us ſyppole that an excel- 
lent Object-Glals of twelve ' Foot Focus will receive an Eye- 

Glaſs 
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Glaſs of no ſhorter a Focus than three Inches with Clearneſs and 
Diſtinnels. I ſay an Object Glaſs of 24 Foot Focus of the 
ſame Perfection ſhall receive an Eye-Glaſs of lels than fix Inch- 
es Focus with equal Clearnels and Diſtin&tnels. And per- 
haps it may take an Eye-Glaſs of five or four Inches'Focus. And 
then an Object-Glaſs of twelve Foot with an Eye-Glaſs of three 
Inches Magnihes but 48 times. Burt an Object-Glaſs of 24 
Foot with an Eye-Glals of four Inches Magnihes 72 times, 
viz, + more than the former, which is a great Difference, and 
of vaſt Advantage, when it may be obtained with the ſame 
Clearnels and Diſtinceneſs. I confels the longeſt Teleſcopes 
do generally render the Qbjects more Dark and Obſcure, yer 
when ſhorter Glaſſes have proportionably as ſhort Eye-Glaſles, 
and as clale Apertures, they are more Obſcure, than the longer 
Telelcopes. 

I anſwer Secondly, That the Image of the Moon or other 
Object in the Diſtinct Baſe of an Object-Glaſs of 24 Foot is 
ewice as long as the Image in the Diſtinct Baſe of an Object- 
Glaſs of twelve Foot. And conlequently we (hall not won- 
der, that the Picture in the former, ſhould be much more Di- 
ſtinct and Perfect, than in the latter ; As 'tis much more eaſe 
to repreſent every Feature and Line of a Face in a large Piece, 
than in a ſmall Piece of Miniature. 


Corollary 3. 


And if the Object-Glaſs be formed on a lels Sphere than the 
Eye-Glaſs ( as ſuppoſe the Object-Glals formed on a Sphere 
of ſix Inches Radius, and the Eye-Glals on a Sphere of rwelve 
Inches Radius) hereby the Appearance of the Object ſhall be 
Diminiſhed. And the Appearance through the Glaſs ſhall be 
ro the naked Appearance as ſix to twelve, or 4 the Natural 


Appearance. 


Scholium, 
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Scholtum. 


From hence it is manifeſt, how requiſite it is in relating any 
Ph,,momena obſerved by the Teleſcope ( or even by the Micro- 
ſcope ) to mention not only the length of che Tube in general ; 
Buc to ſpecifie the particular Focus of the Eye-Glafs, as well 
as of tlie Object-Glaſs; as alſo the Aperture of the Object-Glaks. 
For by this means, they that intend to obſerve the ſame Pheno- 
mena, may underſtand how to adapt their Teleſcopes proper 
for the Obſervation. This the Learned and Ingenious Monſreur 
Hugens in his Syltema Saturnium puts down exattly, pag, 4. 
Where alſo we find this Paſſage. Iilud im Dioptricis Noſtris De- 
monſtratum invenietur, Speciei per Tubum viſe ad eam que Nuds 
Oculo percipitur, hanc ſecundum Diametrum eſſe Rationem, que 
Diſtantie Foci im Exteriort vitro ( Objeftrvo Scilicet ) ad illam que 
m Interiori ſrve 'Oculari vitro eſt Foci Diſtantiam. But hitherto 
we are ſo unhappy as to want that excellent Perſons Dioptricks. 
In che mean time, let that which I have given in the foregoing 
Prop. LIL. ſerve till a better be offered. 


Pxoe. LIV. PxrxoOs x. 


- To Determine the Angle received by a Teleſcope of the foregoing 
Combination. The "Rule is, as the Diſtance between the Ob- 
jet-Glaſs and Eye-Glaſs :To half the Breadth of the Eye-Glaſs : : 
So Radins : To the Tangent of half the Angle received. 


T.z35-F2. 'Tab. 35.f. 2. The Diſtance of the Glaſſes is þ y. Let half 


the Breadth of the Eye-Glaſs begh. Then, as by: To gh:: 
So Radius : Tothe Tangent of the Angle g yh, which is half 
the Angle g yl, the Angle received. Thar is, the Eye at 0 
ſhall perceive no more ot the Object, than ſubtends this Angle 
before the Object-Glals, Schol. 
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But it the Eye Approach mgher- tp, or recede further from 
the Eye-Glals g bl (Tab. 3 - 1, ). than its Focus at 0, itT35. F.. 
{hall perceiye, a.lefler Area, of the ObjeR, though whar it ſees 
ſhall be as Diſtinct as at .o. Fox ler us tao Pupil of 
the Eye at m;, The Rays g 0, lo, do. not enter the Eye, and 
conſequently the Points in the Object anſwerable ro f,' d, in. 
the Diſtin&t Baſe, ſhall notbe viſible, The Tame may be con- 
ceived if the Eye recede. fatther from the'Eye,Glaſs than o; be-, 
cauſe, all the Rays from cheſeveral Points in the ObjeEtare mixr 
rogether, and interſect ar 0, in the Focus.of the Eye-Glaſs, and 
thence flowing forward they ſeparate,and_Diverge. Bur then 
the, Eye at m reccives ;the Rays, . that do. cater, it, Parallel or 
ar lealt a very little Djverging ;. ;and, conſequently the Viſion 
is Diſtin&. ' Ws by: 


. 


Scholum z : 


RS 2 WO PF WF R  _- © 


From hence alſo 'tis 'manifeſt, . chat the Angle received, or 
Viſible 4rea.ot che Object, is not 1increaled or diminiſhed, by 
the greater or lefſer Aperture: of the, Object-Glals, For the 
Angle g y1.continues the fame, though.rhe Objea-Glaſs were 
; all; covered to the ,very; middle Point y., _ All that is effefted 
. by. this greater. or leſſer Aperture. is the more Bright. or Obſcure 
Appeaiance of the Object. - Bur of this more fully in the next 


Prgpolicion. 
| 7: 440::f.4: AD Bs MP ot bo 
f Sw | 
2 Concerning the Apextures of ObjefF Glaſſes. 
t | | 
. By. the, 4perture of a Glaſs I mean, that part of / rhe Glaſs 
e Which is let open and uncovered. And this ought to be Va- 


rious 


, Woody Z 
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rious according as we would haye more or les Light admitted. 

It alſo varies according to the various Focal lengths of the Ob- 

jet-Glaſſes. For a ten Foot Objet-Glaſs ſhall -bear a greater 

Aperture than an Obje&t-Glaſs of one Foor; and a twenry Foot 

Glaſs yer greater than a ten Foot Glaſs. 

Eut at what Rate or Proportion' the Apertures of Glaſſes 
alter in reſpe& of their lengrhs,' is not yer well ſerled. 

Monſieur Auzout, ( Phil. Tranſats. N. 4. P. 55.) Tells us, 
that he finds, That the Apertures, which Glaſſes can bear with 

Diſtinneſs, are, in ( about ) a Subduplicate Rano to their lengths : 

Or as the Square Roors of their lengrhs. Whereof he inrends 

- to give the Reaſon and Demonſtration in his — == (which 
we yet want.) Bur this Ingenious Perſon ſhould have rold us, 
when he ſpeaks of che Apertures of Glaſſes, wherhet he'de- 
fions them for Objects on the Earth or in the Heavens. And 
if in this latter, whether for the Moon, Mars, Jupiter, or Fenus. 
- For each of theſe Objects will require a different Aperture of 
the ſame Glaſs. Becauſe rhe Strength of cheir Light is diffe- 
rent, For to view FYenus there is requiſite\a much ſmaller 
Aperture, than to view the Moon, Saturn or Jupiter. 

However till ſome better Rule can be found for ſerrling the 
Apertures of Object-Glaſſes ( which ar preſent T ſhall nor pre- 
trend to ) I ſhall here'Preſent you with Mr. Auzout's Table, as 
ris to be found in the fore'cited Philoſophical Tranſaftion, Numb. 4. 
Noting onlv, that his Feet. are Parifian Feet (which is to the 
London Foot as 1068: to 1060) and each Inch ( which is 
the 2, part of his Foot) is ſubdivided into twelve Lines. For it 
had nor been worth our Pains to have reduced the whole Table 
to our Engliſh Meaſure. Vid. Tab. 36. 

I have ſaid before ( Schol. 2. Prop. LIV.) Thar the Angle 
received, or Viſble Area of an Object, is not Increaſed or Di- 
miniſhed by the greater or leſſer Aperrure of the Object- Glaſs 
all that is cffected thereby is the Admurrance *of more or leſs 

Rays ; 
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Rays; and conſequently the more Bright or Obſcure Appear- 


ance of the Object. Tab. 35. f. 5. Let the greater Aperture 7.z;. r.z. 


of the Objet-Glals x yz be xx; And the lefler Aperture m n. 
a b is a Remote Object Projected in- the Diſtin&t Baſe d ef. 
The Cone of Rays x a x'is Projected in the Cone of Rays 
xd z; And conſequently the Cone of Rays m a n ( as be- 
ing a part of che former x az) {hall be Co at d in the 
Cone m d n, Bur then by this latter Aperture m n, all the 
Rays chat fall on the ourward Ring of the Glals, here expreſ- 
ſed by x am, 43.4 n, are excluded,- andiconſequently-the Point 
d ſhall noc be illuſtrated with ſo much light as were the Aper- 
rure as wide as 2 x. And therefore ( ſuppoling an Eye-Glals 
behind this Object-Glaſs, ſo as to conſticute a Teleſcope) ſuch 
a vigorous Light from each Radiating Point in the Qbje&t will 
not be broughc into the Eye. C 
We have the exact Natural Reſcmblance hereof in the Eye 

it ſelf : whoſe og is contracted and dilated, according as 
the Light of an Object is more or leſs Intenſe. 

yn Particular, wherein this Contraction or Dilatation 
of a Glaſſes ure is requiſite, is this : An Object may be 
ſo nigh a Che the Rays from each ſingle Point, Falling 
upon the whole Breadth of the Glaſs, may Diverge ſo much 
that the Glaſs is-not; able ro Correct the Divergence of thoſe 
Rays that fall rowards its outward Borders, ſo 'as to reduce 
them to Determine or Unite in the Diſtinct Baſe with thoſe 
Rays, that fall nigher the middle of the Glaſs* (as before is 
noced afrer Prop. IL) And then. 'tis requifire ro contract the 
Aperture of the Glaſs, ſo.as to exclude theſe Exorbirant Rays. 
A notableExperiment of this we may make by holding a Minute 
Object very nigh the Pupil-of the Eye, the Object ſhall appear 
very Confuſed. Bur by applying a Paper wich'a ſmall Pin-hole 
before the Pupil, it ſhall reduce the Appearance to much more 
Diſtinctaels than-betore.: . | | 


2 Pxor. 
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The Teleſcope | Conſiſting of a Convex Objet-Glaſs, and Three 
Convex Eye-Glaſſes 1s Explamed. ! | 


| have ſhewn in Prop. L. &c. the Nature and Properties of 
the Teleſcope conlifting ofa Convex Object-Glals,' and Con- 
vex Eye-Glals. I have ſhewn how the Image of the Object 
being formed in the Diftinct Bale” of the - Object-Glaſs x yz 
( Tab..35. f. 1-) by the Rays trom /eachfingle Point of the 
Object there uniting, and lowing forward on the Eye-Glaſs, 
are thereby all collected together and confounded in irs out- 
Now (in Tab. 37. Fig. 1.) Let us Combine ewo other- 
Eye Glaſſes k;1, with the- faid Feleſcope of Prop. L. And 
place them-ſo, char the Diſtance berween the firſt Eye-Glaſs b, 
and the ſecond Eye-Glals k, may be the ſum' of 'their Foc. 
Alſo that the Diftancerberween” the ſecond (Eye-Glaſs k, and 
the third Eye:Glaſs |; may'be tikewiſe the ſum of their 'Focs. 
So that all the Glaſſes are Diſtant from the next adjacent Glaſ- 
les, rhe ſum of their Foci, Only here it may be noted, that to 
cauſe Diſtinct Viſhon through this Teleſcope, ''tis not abſolutely 
neceſlary that the ſecond Eye-Glaſs & be exatly Diſtant from 
the Focus » ot the firſt Eye-Glals b, the juſt lengrh-of its own 
Focus ; For'it may be more or leſs ; but then the Viſible Area, 
and Magnifhed Appearance of the Object ſhall be altered. As 
will be maniteſt atter we have explained this 'Glaſs' to thoſe that 
conlider ir. M071 97 RIC) 10 315117907. 
I is then evident that the firſt Eye-Glaſs-b mixes all the Rays 
from different Points in the Focus at's 3 from whence they flow 
forward, ang fall upon the ſecond - Eye-Glalz'ik,” each parcel 
of Rays paralle! amongſt themſelves :.:And by the Glaſs: k are 
| tormed 
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formed into the” fecond Diſtin&t Baſe 5 m n. For we may 
imagine the middle Ray 0q to proceed directly tron 9, the 
Focus of the Glaſs k; wherefore o q ſhall be refracted by the 
Glaſs k, and be made to run in q g parallel to its Axis km. And 
then all the other Rays that are parallel ro 04 before they enter 
the Glaſs k, after they have palled the Glaſs k, do unice with 
4.7 in the Focus of the Glaſs k, and fo the ſecond Diſtia&t Bale 
2 mn is formed. 

Or otherwiſe. We may conceive the Glaſs k to be the 
Cryſtalline of the Eye, looking throug'1 the Teleſcope of 
Prop. L. by. And as the Cryſtalline n thar Caſe does by 
means of the Glaſs þ form in its Focus on the Reta thie Image 
of the Diſtinct Baſe f ed; So may we imagine the Glals k to 
form in its! Focus mn, by means of the Glals-þ, the Image 
of the Diſtinct Baſe / ed. | 

Then trom che ſecond Diſtinct Baſe 9 m n che Rays proceed 
as is expreſſed in the Scheme, and fall on the third Eye Glaſs 
|; By whoſe means we may imagine the Diſti&t Baſe g mn 
projected diſtintly on the Retina ot the Eye r /t, in the lame 
manner as is ſhewn before in the Teleſcope of Prop. L. 

And here we may obferve that the Image on the Retina r 5 t 
is Inverted, theretore the Object ſhall appear Ere#. Prop. XX VAIL 
Sec. 4, 5. | 

And we may conceive this fort of Teleſcope as /a double 
Teleſcope of Prop. L. For the Glaſles b, y, make one Telel- 
cope; And the Glaſſes k, 1, an other. And as the former 
by it felf Ihwwerts the Object ; 4o the latrer with the former Re- 
verts the Inverted Image ; and conſequently makes the Obyect 
appear Fre. | Yer it has been lately Publiſh din the Journal des 
Scavans 17. Sept.1 685. as a very difhculr, Problem in Dioptricks, 
why four Glafſes 4n this kind,:of T<letcope repretent, Qb- 
jcts'Greft2 | think 1 have [olved-this Problem: to fatistaction, 
and my Anſwer is Publith d Num, 187, of the 'Lodon _ 
prica 
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phical Tranſaftions. As allo in the Bibliotheque Univerſelle & 
Hiſtorique de I Amee 1688. Tome 3. pag. 329. But the Learned 
Author of this latter in his Tranſlation has miſtaken my Senle 
pi#9rich 1D one Particular. I ſhall therefore give # here again in the 


rrovlon Second Part of this Work Chap. 2. 
theSecond Concerning the Magnifying Power of this Teleſcope; our: 
narteots Prop. L. will dire us how to Calculate it. For by that 
tile Propoſition 'tis manifeſt, char if the ſeveral Eye-Glalles b, k, |, 
"'" be of equal Foci, and the Diſtance berween þ and& be the ſum 
of borh their Foci, that then the apparent Diametral Magnitude 
of an Object through the Glaſs, 1s to the Diametrral Magni- 
tude viewed by the naked Eye, as the Focus of the Obyect- 
Glaſs, to the Focus of any one of the Eye-Glafſes. Bur it the 
Foci of the Eye-Glaſles b, k, 1, be different, or the Diſtance 
between h and k different from the ſum of their Foci, then to 
obtain the magnified Appearance, we mult have Recourle to 
Calculation, Wherein the Calcs are fo very various, that to 
inGiſt on them all would be very tedious, and infinitely labo- 
rious. For the Focus of h may be greater, equal, or lels than 
of korof |; and 1o of k than of | or þ; and fo of | than of k 
ar b; As likewiſe the Diſtance between k and h may be inhi- 
nitely varied, I ſhall therefore pals this over ; A little Conhide- 
ration of the ſeveral Varieties will make any of them plain, 
and ſhew how they may be eaſily Calculated by thole verſed 
in the foregoing Doctrine. For 'tis but conſidering, how the 
PDiſtin&t Baſe gm n is Projected, whether equal to, greater or 
les than the Diſtin&t Bale fed; And how the Eye-Glals | 
conveys this Diſtin&t Baſe gm n to the Eye. 
. In like manner, by Prop. LIV. may the Angle received, or | 
Vihible Area of an Object through thus kind of double Telel- 
cope, - be Determined, as in the fingle Teleſcope; Reſpect be- 
ing had to the ſeveral Apertures, Foct, and Diſtances of the 
leycral Eye-Glaſles b, k, {. 


Scholium. | 


| 
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Scholium. 


From the Explication of this kind of Telelcope, and of 
that in Prop. L. may we ealily apprehend the Theories of the 
various Combinations of Convex-Glaſles in the Compoſitions 
of divers Teleſcopes of 3, 4, 5, 6, 7, 8, &c. Glaſſes. * 

Wherefore in explaining any kind of Teleſcope, we are firſt 
to: obtain ( by ſome Practical Rules to be deliver'd hereafter 
Part I. Chap. 4. Sec. 3. ) the Focal length of each particular 
Glaſs by ir lelf. Then we are to conſider the Diſtances of each 
of thele Glaſles ( as they lye in the Tube) from the Glaſſes 
before and behind ir. Afterwards we are ro conſider, where 
che Diftin& Baſe, or Diſtinct Baſes are formed by thele ſeveral 
Glaſſes, and how they are Projected as to Amplification or 
Diminution, which is eaſily found by the Do&trine before de- 
livered. And then how the Eye-Glaſles afte&t theſe Diſtinct Ba- 
fes; As how they Confound them, ReCtifie them, Invert or 
Magnihe them. 

For the Retult of all is this, thar the Rays from the ſeveral 
Images in the ſeveral Diſtin& Baſes, ſhall be Confounded on 
the Pupil of the Eye, 1n order to be retified by the Cryſtalline, 
which ( as has often been intimated ) we may conſider as a 
Convex-Glaſs, whoſe Focus is on the Retina, And from a 
due Confideration of the Premiſles, ic will appear why ſome 
Teleſcopes conhifting of Convex-Glafles repreſent the Object 
Ere#, others Inverted ; in ſome one Glals is to be taken as one, 
in others two Glafſes perform the Effect bur of one. 

And thus all the Combinations of Glaſles exprefſed in the 


8,9, 10, 11, 12. pony of Zabn Teleſcop. Fund. 2. Syntag. 3. 
Cap. 6, 7, 8, 9. arecaſt 


ly explained, with a thouſand other Va- 
neties. 


Prop. 
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Pxoe. LVIL 


The Teleſcops Compoſed of a Concave Zye-Glaſs, and Convex, Ob- 
jett-Glaſs of a larger Sphere is Explain 4. | 


The Poſture: of the Glaſles in this Teleſcope is this ; The 
Diſtance of the Glaſles is to be the Difference .; their Foct, that 
is, the Concave Eye-Glals is to. be placed lo much nigher the 
Object-Glals than the Focal lengeh of chis Object-Glals, as is 
the virtual Focus of this Eye-Glals. And the Eye is to be pla- 
ced as nigh the Eye-Glals as poſhible. 

Note. I ſhall call che virtual Focus of the Concave, ſimply 
its Focus, ic being well known that a Concave has no other Fo- 
cus, burta virtual Focus. 

| ſhall now thew,,. that through this Glals the Object appears 
Diſtinet; Ere&, and Magnify d. And ſhall ſthew the Angle re- 
cerved or viſible Area, according to the leveral Poſtures of the 
Eye. | 

 Oaly premiling in this Propoſition ( as I have done in fe- 
veral former ) that we ſuppole the Glaſles of the leaſt thicknels 
imaginable ; and elpecially the Concave-Glals in its middle Point 
15 ſuppoled of ao thicknels at all, bur the rwo Surtaces to rouch. 

To explain this Glaſs che better, I ſhall exprels che Figure 
very large, Tab. 37. f.2. Waherein we {hall firſt conſider the 
Telelcope-ir {elf ſeparace from the Eye. Wheretore, ler ſome 
Piitant Object ( as pp a Croſs ) lend the Rays aa a from 
ics upper Point, /þ b b/ from ars middle Point, and ccc from its 
lower Poinc, Thele falling on the Object-Glals x y 4 are form- 
ed thereby into the Diſtin& Bate fe d. Let now the Concave- 
Glaſs g h 1; be placed, berween;the Diſtint Baſe fed, and the 
Objecr-Glaſs xy x, ſo far diſtant trom the. Diſtiact Baſe, as 
is the Focus of this Concave ; that is, ler e þ be the virtual Fo- 
Cls 


CUS 
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cus of the Concave Eye-Glaſls. Then the Rays ( for Inſtance ) 
from the middle Point, x 5,:y9/b, x k, falling' on the Con- 
cave and Converging. . towards irs Focus e, atcer paſling the 
Glaſs become Parallel ( Corel. Prop. XII.) and run onwards 
in im, be, kn. The (ame may be conceived of the Rays 
from the Collateral Points ;- which Converge cowards the Fo- 
cus in f and d; wiz, that thele alſo after paſſing the Concave 
Eye-Glals, do proceed onwards Parallel ———_ themlelves. 
Bur concerning thele Rays from the Collateral Points, we 


muſt note allo ; Thar,as it 1s ſhewn betore in Prop. L. Sec. 3, 4. 


—_— the Convex Eye Glals 2 bl: ( Tab. 35. j. 1.) chat T35- Fr. 


it brings the Rays of the Collareral Points f g, d {, Parallel 
amonglt themſelves into its Focus at o. So the Concave Eye- 


Glals 2 bf (Tab. 37.f. 2.) forthe ſame Realons expreſled be- T;. x2. 


fore in Prop. L. Sec. 3, 4. Mutatis Mutandis, makes the leveral 
parcels of Rays trom the Collaceral Points, after paſſing it, co 
Diverge, as it they proceeded directly, from the Point p; pb 
and he being equal, and each equal to the Focal length of the 
Concave Eye-Glals. Thele things being fully conſidered ; we 
proceed in the Explication of this Telelcope. - And therefore 
now ler us apply che Eye thereto ; And this allo in a large Fi- 
gure, Tab. 37.f. 3. 

| ſay firſt, che Object appears through this Glaſs Diſtn ; For 
by what foregoes the Rays from each fingle Po.nt, do fall on 
the Eye Paralle! amongſt themfelves ; And therefore each Point 
(by Pr.XXVIIT.) is diſtm&Hly reprelerced on the Fund of the Eye. . 

L ſay ſecondly, the Object appears Ereft. For 'tis manitelt 
by the Inſpection only of the Scheme, that the Rays flowing 
from che lower Point of the Object, are Terminared ar t the 
upper Part of the Retina. And the Rays from the upper Point 


the Obje& are Terminated at r the lower Part of the Retma. © 


So that the Image is painted inverted on the Retina. And there- 
tore by Prop, XXVIIL the Object appears Erect, 
Aa [ lay 
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I fay laſtly, the Object is Maguified by this Glaſs. For the 
Proof of this we are to remember, what foregoes in Prop. 
XXXVII 'Tis there declared, that if an Object be Projected 
7.37.2, by a Convex-Glals xy; (Tab. 37. f.2.) in the Diſtin& Baſe 
fed; And the Eye be placed any where between the Glals and 
the Diſtin&t Baſle, as ſuppoſe ar h, draw f h, 4b, and the Object 
appears under the Angle f bd, which is much greater than f y d, 
the natural Optick-Angle. The fame will hold, though we 
interpoſe the Concave-Glals g 1; for the Ray x g from the Ob- 
jets lower Point, that runs Parallel ro the Axis by be, is Retra- 
cted into 2 t, as if it came diretly from the Point p. And (o 
the Ray x | from the Objects upper Point, rhat runs Parallel 
ro the Axis bybe is Retracted into lr, as if ic came dire&ly 
from the ſame Point p. If therefore we ſuppoſe the Rays x g f, 
z 1d, Parallel tothe Axis; then g | ſhall be equal to fd; And 
p b being by — ual ro he, pg t ſhall be Parallel ro 
bf; And ply ſhall be Parallel to hd. And conſequently the 
Angle g p! ſhall be equal to the Angle f bd. Wherefore the 
Object through this Glaſs appears under the ſame Angle, as we 
may imagine the Ypices of the Pencils f, d, would appear to the 
naked Eye ath ( the Concave Eye-Glals being removed ) And 

conſequently the Object appears Magnified. = 

The Viſible Area, or Angle Received by this Glaſs, is Deter- 
mined by the Aperture or Breadth of the Eyes Pupil. For 'tis 
T z7.F.z manifeſt, from Tab. 37. f. 3. That if the Pupil de of the Eye 
were not Jarge enough to receive the Rays | oh the extreme 
Points of the Object, it would not perceive the whole Object 
through this Glaſs. Wherefore by the Breadth of the Pupil 
given, 25 allo by the Focal Diſtances of the Obje&-Glaſs and 
Eye-Glaſs being given, we may eaſily obtain the Viſible Area, 
or Angle Received, For let us "rr" that we find from theſe 
Data, that the whole Object ProjeCting the Diſtinct Baſe f e d 
T;7F2 ( Tab. 37. f. 2.) would be Projected in the breadth of the 
| Pupil, 
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Pupil, at the Diſtance hy from the Objet-Glaſs. Then find 
the Anglef y d (as 1s cafie from thele Data, and the preceding 
Doctrine ) and we have the Angle Received. 


Corollary 1. 


In the XXXI. Prop. Sec. 9. We have conſidered the Locus 
Apparens of .an Object, Projefted in the Diſtin&t Baſe by a 
Convex-Glaſs, to the Eye placed berween the Glaſs and Di- 
ſtint Bale. And if the Afirmative of the Quere, which I there * 

copole, hold true ; The Locus Apparens of the middle Point of 


the Object ſeen through the Glaſs of Tab. 3 7. f. 2. is at p. T28. F.2. 


Corollary 2. 


If we ſuppoſe a Convex Eye-Glaſs, whoſe Focal length is 
equal to the Focal length gh or eh of this Concave Eye-Glaſs, 
apply'd (as direfted in Prop. L.) to this ſame Object-Glaſs 
XJ in Tab. 37. f. 2. It would magnifie the Obje& equally 
with this Concave : And from hence 1t follows, thatthe prece- 
ding Propoſition LIIL concerning the Magnitying of a Tele- 
ſcope, may be apply'd to this fort of Teleicope furniſhed with 
a Concave Eye-Glals. But then the Advantage of the Tele- 
ſcope in Prop. L. -beyond that of this Propoſition, is molt fig- 
nal in this particular, Thar it recerves a very much greater An- 
gle, or ſhews to the Eye a much greater Area of the Object. 


'The Area in this being Determined by the breadch of the Con- 


vex Eye-Glzf3 7*But m that of a Concave Eye'Glals, the Area 
is proportioned t6 rhe breadth of the Pupil. 


Corollary 3. 
If the Eye recede from the Concave Eye-Glaſs of this Pro- 
poſition, tt perceives not fo great a ſpace of the Object. This 
Aa 2 'O 
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is manifeſt only by Inſpection of the two Schemes ( Fig. 2, 


T- 37 and. Tab. 37.) For if the Breadth of the Pupil de, be bur 


juſt ſufficienc to receive the Rays from the extreme Points of the 
Object, after they have paſſed the Eye-Glaſs, and are thereby 
ſo much Divaricated ; if the Eye recede, the Pupil ſhall not be 
broad enough; and conlequently ſhall ſee leſs of the Object. 
Juft as in the Teleſcope of Prop. L. 


Corollary 4. 


If the Eye move upwards or downwards, or to one fide, 
or. t'other of the Eye-Glaſs ( ſuppoſing the Eye-Glaſs much 
broader than the Pupil ) it,perceives conſecutively different parts 

T37.F.2.0f the Object, Thus ſuppoſe in Fig. 2. Tab. 37. The Pupil 
placed before the middle of the Eye-Glaſs at þ, and not broad 
enough to receive the Rays from the upper and lower parts of 
che Object: It the Eye move upwards, it will meet with the 
Rays s t from the lower Point of the Object, which betore eſca- 
ped it; and ſo moving downwards it meets the Rays lr from 
rhe upper parts of che Object. 


Of MICROSCOPES 


Hicherto of ſingle Glaſſes, and of Glaſſes combined for view- 
ing Diſtant Objects. We come now to treat of Glaſles for 
viewing minute and nigh Objects, commonly called Microſcopes. 
The Theory of theſe does fo depend on what. fpregocs, that 
we ſhall have no occaſion of inſiſting long upgn, 

And firſt tor Microſcopes conliſting of a ſmgle Convex-Glaſs. 
[a theſe the Object is altally placed either in the Focus of the 
Glaſs, or a little nigher the Glaſs than the Focus; And the 
Eye 1s placed in or about the Focus on tother fide the Glaſs. 


In 
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In which Caſes the Appearances were already ſolved. Prop, 
XXXI, XXXII, XXXIlI, XXXIV, XXXV. 

As to double Microſcopes, or Microſcopes conſiſting of more 
than one Convex-Glaſs, wherein the Object is Projected in a 
Diſtinct Baſe, before it be conveyed to the Eye ; [ explain them 
as follows, obſerving the Series of the Propoſitions. 


Prxoe. LVIE. 


The double Microſcope compoſed of a Convex Object Glaſs, and 
Convex Ey*-Glaſs is Explamed. 


Tab. 38. Fig. 1. Let 4b be a minute nigh Object expoſed T.38.F 1. 
before-the Object-Glaſs x y 2, the Segment of a very tmall 
Sphere. Let the Focus of this Obje&t-Glals be at p. "Then the 
Object being ſomething more diſtant from the Glaſs, than its 
Focal length y p, ſhall be Proje&ted in the Diftin& Baſe f 4, 
ſomewhere on t'other {ide the Glaſs, according to the Doctrine 
before delivered Prop. V. And of what bignels the Image ſhall 
be Projected in the Diſtinct Baſe is determined by Prop. XXVI. 
Let the Eye-Glals lg be placed fo far diſtant from the Diſtincr 
Baſe fd, as is the Focal length of this Eye-Glals ; And the Eye 
0 x t placed where this Eye-Giafs contounds all the Rays g o, | o, 
which ſhall be about che Focus of the Eye-Glals. 

All things being thus combined, The Effects of this Micro- 
(cape are pk in all chings, as in the Teleſcope of Prop.L. 
Ay to the Magnihed, Inverted, and Diſtinct Appearance of the 
Object. And: therefore 'tis needleſs ro inlarge farther thereon : 
To thole verſed in what is already delivered, the very Inine- 
ction of the Scheme 1s ſuthcienr. 

Only as to the extraordinary Magnifying of thele M:cro- 
ſcopes, we may farther Remark ; that whereas for viewing a 
Minute Object, a well-coniticuted Eye does utually Approach 

Lnerett 
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thereto about the diſtance of eight Inches : could we _—_— 
the Eye thereto, and view it diſtinctly at the diſtance of halt an 
Inch, the Optick-Angle would be wonderfully magnifty'd by 
Prop. LI, LI. that is to fay, the apparent Magnitude of the 
Object would be increaſed ar the rate of f1xteen to one. Let 
us then ſuppoſe the Eye at y, viewing the Object a b, which 
would then appear under the Angle ay b equal tod yf ; which 
is the ſame as were the Object increaſed to the bignels df, and 
viewed by the Eye at the ſame diſtance from it as y in the fi- 
gure is now removed from d f. Wherefore it by help of the 
Eye-Glaſs g 1, the Eye can yet approach to the Diſtince Baſe 


"df ( which we may now repute the real Object) ſuppoſe ten 


times nigher than y is to d f ; the apparent Magnitude of df (hall 
again be increaſed ten times more than before, by the nigh ap- 
proach of the Eye ( ſuppoſe at y): that is, the Object by all 
theſe helps ſhall be magnified 160 times in length,” or Diame- 
cral Magnitude. 

As to the Calculation of all theſe Angles, and apparent 
Magnicudes, it cannot be difhcult to thole vers'd in what is 
before deliver'd. 

There are various Combinations of Glaſles in this kind of 
double Microlcopes ; tor in ſome there are two Object.Glaſles, 
that is tofay, one Object-Glals of a very deep Convexity, and 
an other of a leſſer Convexity, placed nigher the former than 
che Projection of the Diſtinct Bale ( according to Schol. 1. Prop. 
XVI.) which ſometimes 1s called a Middle-Glafs, In others 
there are rwo Eye-Glaſles, &c. But the Theory of all theſe 
depends on, and is ſo manifeſt from what has been delivered, 
chat 'tis needleſs ro enlarge. 

: ſhall conclude the Firlt Part of this Treatiſe with a Piece of 
Duptricks, which though Ludicrous affords an Appearance ſur- 
priling and plealanr enough. The Explication thereof is much 
lavourd at by ſeveral,;though it be very Obvious from what fore- 
£OCcs. Tis this, Prop. 
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Prxoe. LIX. 


The Explication of the Magick Lantern, ſometimes called 
Lanterna Megalographica. 


The Contrivance is briefly this, Tab. 38. f. 2. ABCD isT44.r2 


a Tin Lantern, from whole lide there proceeds a ſquare or 
round Arm or Tube b n k cm 1, conſiſting of two Parts, the 
outermolt whereof n k m1 flides over the other, fo as that the 
whole Tube may be lengthened or ſhortened/ thereby. In the 
end of the Arm nk m | is fixt a Convex-Glaſs k!: about de 
there is a Contrivance for admitting and placing an Object de 

ainted in dilute and tranſparent Colours on a ain thin Glals ; 
which Object is there to- be placed Irverted. © This is uſually 
ſome Ludicrous or frighttul Repreſentation, the more to divert 


the Spectators? bhc 1s a deep Convex-Glaſs, fo placed in the: 


other end of the Prominent Tube, that ir may ſtrongly caſt 
the light of the Flame 4 on the Picture de painted on the plain 
thin Glals. And here 'tis to be noted, that the Glaſs b hc is 
+4only deligned for the ſtrong [[lumination of the Picture de, and 
has nothing to do inthe Repreſentation, and therefore in ſome 
of theſe Lanterns, inſtead of the Glaſs b hc, we ſhall find a 
Concave-Speculum lo placed, that it may ſtrongly caſt the light 

of the Flame a on the Picture ar de. | 
Wherefore, Let us now conſider the Picture de as a very 
lightlome Object of diſtinct Colours and Parts. And let us con- 
ceive d e more remote from the Glaſs k | than its Focus. 'Tis 
then manifeſt, that the Diſtinct Image of the Object de ſhall 
be projected by the Glaſs k on the oppolite white Wall F HT ar 
fg ; And here it ſhall be reprelented ErefF. For now the whole 
Chamber & FG F7 is dark, the Lantern ABCD inclofing all 
the Light ; So that in Effect this Appearance of che Magick Lan- 
tern 
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tern is no more than what is already declared cangerniag the 
Repreſencation of outward Objects in a dark Room by a Con- 
vex Glaſs, afrer Prep. IV. ( vid. Tab. 14. f. 1.) And here we 
may obſerve, that if che Tube be Contrafted, - and thereby 
the Glaſs k | brought nigher the Object de ; the Reprelentation 
f 2 ſhall be Projected ſo much the larger; and lo much the 
more Diſtant from the Glaſs k1; according to the Rules before 
laid down. So that the ſmalleſt Pifture at de may be Proje- 
Red ar f 7 in any greater Proportion required, within due limits. ' 
From whencethe Name of ; 99e** 29 9% ring «Ald conle- 
vently, protrating.che Tube and drawing the Glaſs '& | more 
ſtant from the Qbyje d e,) will diminiſh the Repreſentation 
f 2, and ProjeS&itnigher the Glaſs & |. 

As to the -Mychanick Contrivance of this Lantern, the moſt 
convenient ion. of the Glaſles, &c. This is ſo ordinary 
amongſt: the common Glaſs-Grinders, that 'tis needleſs to in- 


diſt farther thereon in this place. Tis ſufficient ro me that [ 
have explainedche Theory f. 
pends the Theory of the Optick Experiment pro- 


posd;by Mr. Hook Num. 38. Pag, 741. Philofoph. Tranſatt. 
For- tepreſenging ſtrange, Viſions and Appearances, 


oa The End of the Firſt Part. 
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To My eſteerned Friend 


Flenry ! Oshorn 


Dardys-Town mn Ia Coutiy of Meath 
ESQUIRE. 


Y HE Re et which I have ever had KG 
 fince our , Acquaintance, and which an all 
Occaſions IT have expreſſed m private, I have 
now an O _—_—_ of declaring to the Publick : And 
that too Jo very appofite, that it would be unpardonable 
in-me to omit it at this time ; by preſenting the follow- 
ing Sheets to you, Dedicating them t6 Jour N{ ame, 
Devoting them and their Authour to your Uſe and Ser- 
Vice. 

Yeh may well remember 'the frequent Diſcourſes we 
have had on ſeveral Subjetts treated + in the following 
Chapters, and on account whereof I firſt ſet on this 


Dioptrical Work: 4nd particularly, I think, our Dy- 
quiſutions 


Dedication. 
quiſitions concerning the Fuſtneſs of Teleſeopick Sights 
adapted to Aſtronomical Inſtraments, and our Confule- 
rations of the Micrometer, were the firit Occaſion of my 
T houghts turning this Way ; eAnd therefore the. 
enſuing Diſcomſes belong 10 you of Right. But 
if to this | add, the Advantage I have received 
by your Acquaintance , and the repeated Satisfattion 
I have had in your apreable ( onverſatiom; I am 
bound by indiſpenſible Tyes to make this Acknow- 
ledgment. | 

1 cannot but admire your prudent Choice of a 
private , retired Life ; notwithſtanding your great 
Advantages both of Nature and Fortune , that 
render you capable of the moſt publick/ and weighty 
Imploy. By this Courfe, you have an Opportunity 
of enjoying your ſelf, and improving your Philoſo- 
phical Thoughts beyond the common pitch : You can 


look on unconcern'd, and ſecurely obſerve the froathy 
Sea of Buſmeſs, wherein » Men fluttuate ; and ſome 
are ſhipwreckt, fink, and periſh. 

And becauſe you ferm careleſs of propagating 
your Name the common ways ; ſuffer me to erett 
this flight Monument to it : Though I am certain © 
at the ſame time, that, .if you pleaſed, you may 
raſe- a laſting Mauſolzum to your Memory : 
but yeu ſeem above theſe Deſires ; yet youll per- 

mit 


Dedication. 
mit your Friend to Honour it as far as he can ;, 
and if the Materials or Workmanſhip do not ſeem 
to promiſe a long Duration to Poſterity , this onh 
reflets on my Abilities , (which I ſhall never 


vindicate ) but cannot leſſen the ſmcere Intention 


Your moſt afteftionate 


Aprtl 17. 
16 9 0. Humble Servant, 
Witt, Moryxeux, 
————_—_— <_—_ — 
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DIOPTRICKS 


PART IL 


—— — 


Cunar L 
Of Refrattion and Light. 


(1.) This Diſcourſe promiſed. (2.) Leibautz's Univerſal Prin- 
ciple in Opticks, 8&c.. (3.) On Occaſion whereof ; Of Final 
Cauſes. (4.) Farther Explication of Refrafiom. (5.) Light 
a Body, from ſeveral Arguments. (6.) From its being reſt- 
fted in its paſſage through Diaphanous Mediums. (7.) Its 

" Requiring time to os place to place. (8.) Impoſſible 
to js increaſed, but by robbing ſome other Place of its Light. 
(9.) Therefore impoſſible to be augmented uniformly. 


courſe 


ro mention the Natural Cauſe of Refraftion ; or why pronies 
the Rays of | Light paſſing through difterent Me- 
diums are refracted at their Immetfion or Emerſion, I then 
avoided any farther enquiry into the reaſon thereof, as being 
more of a Phyfical than Mathematical Confideration. Bur 
at the ſame time, I promiſed a farther Diſquiſition thereon, 
to be borrowed from a moſt Learned Author ; whoſe rea- 
ſon we ſhall find briefly comprehended in this, That the Dit- 
ferent Reſiſtance that a_Ray of Light finds in paſſing (for in- 


[tance) 


(1,) I: the ſecond Experiment of Part I. I had occaſion (1) T%* 
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Rance) through Air and Glaſs, is the cauſe, why 'tis bent 
Fom its direct Courſe. But how this Refraction comes to 
be from the Perpendicular, in proceeding: from a Denſe to a 
more Rare Medium ; or towards the Pe pp, when from 
a Rare to a mire Denſe Medium ; we {hall more fully appre- 
hend by the Diſcourſe it ſelf, which I here ſubjoyn from the 
Afta Erud. Lipfie, Ann. 1682. pag. 185. 


(2.)Leib- (2+) Oni Univerſal Principle of Opticks, Catoptricks, and Diop- 


tricks. By the Learned and Ingenous G.'G. Leibnutzius. 
The chief Hypotheſis common to all thele Sciences, and 


"2 by which the Progreſs of all Rays of Light is geometrically de- 


termined, may be thus, laid down. Light proceeds from the 
Radiating Point, to the Point to be enlightned, that way, which 
is of all the moſt eaſie ; and this is firſt to be Determined im re- 
ſpeft to plain Surfaces, and then is accommodated to Concave or 
Convex Surfaces, by conſidering the Planes, that are Tangents to 
* theſe Surfaces. . But here I take no notice of ſome Hregularities, 
which perhaps may conduce to the Generation of Colours, and 
to ſome other extraordinary Phenomena , which in practical 
; Opticks are not at all conſidered. 

Hence, In plain or ſimple Opticks, Tab. 38. Fig. 3. The direft 
Ray proceeds from the Radiating Point C, to the Point to be illu- 
ftrated E, by the ſhorteſt dirett way, the ſame Medium conti- 
nuing all along, that is, m the Right Line CF. 

In Catoptricks the Angle of Incidence C E A, and of Refleftion 
DE B are equal. Let C be a Radiating Point; D the Point 
to be illuſtrared, and AB a Plain Speculum :- *Fis required to 
find in the Speculum the Point E, that reflets the Ray to D. 
I lay, that it ſhall be ſuch a Point, that the whole Progreſs, 
Way or Journey of the Ray CE+E D, may be the leaſt or 
ſhorteſt, that is poſſible; or lels than CF+FD, ſuppoſing 
that we take any other Point F in the Speculum. And this 
{hall be obtained, it E be taken ſuch, that the Angles CEA, 
DEB, 
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DEB, may be! equal; .as is manifeſt. from Geometry. 3 Tabar ;z.r , 

38. Fig. 4. \Produge DE to Z.,'and-joyn IF Z. xd 11: 
Then A Z= (DB=) AC.. And. F Z=FC. np, 
Theretore CE-+ED (=DZ;) isleſsthan CEgr.F Z +BD. 
Ptolomy and, other Ancients infiſton this. Demonſtration; and 

'is extant both elſewhere, and alſo in Helidarus Larifſans;; 5.5 v4. 
In Dioptricks, * The Smes'E:H,,E, Ly of the Angles. of Inc .,,,..; 

dence CEI, and Refratted. Angle GE Kare to each. other rect #a/ar 

procally as the Reſiſtances of. the. Meditums,.., Let L E. be Air, and 7o:6c 2.4. 

E K. Water, , Glals, or any other, Diaphanous Medium more p72 

Denſe than Air, C a Radiating Point in the. Air, G the Poine gras 

ro be illuſtrated under che” Glaſs: 'Tis inquired, by what mayor 

Way or Path hall C radiate to G; or 'tis required to deter- ”—_ 

mine, /in the Surface of the Glaſs A B, the Point E, which re- 

fracting the Ray that comes, from-C, ſends ir tro;G. Here 

this Potnt E mult be, raken ſuch,” that, the Way, , which che 

Ray takes, may ,be of all ways the eaſzeſt. Bur now in dif- 

tercat Mediums, the Difticultzes of the Way or Progrels are 

in a Ratiog. compounded, of the . Length of the Way, and of 

the Reftance of the Mediums. | Let the Right Line m repre- 

ſent the Reſiſtance that Light finds in. its patlage through Air, 

and n the Reſiſtance of its Paſſage through Glaſs: "The Dif#- 

culty of the Way from C to E. ſhall be as the Rectangle un- 

der CE and m; and from FE to Gas the Re le under 

EG and n. Therefore; that the Difeulty. of the whole Way 

CEG may be the leaſt poſſible, the Sum of the, Rectangles 

CE * m+EG #* » ought to be the leaſt of all poſſible; or 

leſs than, CF + m+E G + n, | ſuppoling any cher, Point: F, 

taken beſides E. The Point E, 1s now required. Wherefore, 

ſeeing the Points C and G, and allo the Kight Line AB are 

civea by Poſition, theretore the Lines, C H, G L,  Perpen- 

diculars ro the Plain A B, and the Line HL, are given allo. 

Ler us call CH, c, and GL, g, and HL, þ; but che foughr 

Cc Lane 
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Eine E H, let us al 5; then E L ſhall he'h—y, and CE 
ſhall be i704) y, which we ſhall call * and' E G ſhalt be 
722+) 1-2 by+F#h, which we ſhall ally 

Wherefore m +4/oÞy 5: Fo viggtyy—2 b3+ bk (ormpy 
4-1 q) ought to' be the leaft of all thoſe Quantities that can 
poſſibly be fo expreſſed ; and 'tis required' to determine y, 
that ſo ir may be, By my Method De Maximis & -Minimis 
(Vid. AF. Lips: Ann. 1684. pay. 467. 472.) which, beyond all 
thar are hitherto known; "does wonderfully ſhorten the Cal- 
culation, it is manifeſt ar the firſt ſight, almoſt wicthour any 
Calculation, That mqy ſhall be'equal ro: n p + 3), or thar 
up. mq::y. b—y, thatis, the Reftangle of CE + nſhall 
be the roRectangleof EG*m:: ASEHtoEL. Therefore 
CE and E G being put equal, n the Refiſtance of Glaſs to 
Light ſhall be ro m the Reſiſtance of Air ro Light :: As 
EH the Sine of the Angle of Incidence in Air CEI: ToEL 
the Sine of the Refrafted Angle in Glaſs GE K. Or theſe 
Sines ſhall be ro each other rectprocally as the .Refiſtances of 
the Mediums, Which was the Aﬀerrion to be proved. 

Wherefore, if in one Example or Experiment E L be found 
:; of EH, the ſame Proportion ſhall ho[d in all other Experi- 
ments, wherever C and G be taken, that in Air, this in Glaſs. 
If C be in Air, and Gin Water, Experiment ſhews, that E L 
ſhall be abonrt + of E H: 

Thos fir this ingenious Author. The reſt of his Diſcourſe 
is chiefly enithojed in rectifying Des-Cartes Notion of Refra- 


Rfra- tion, Which tho founded on the ſame Principle here expreſ- 
retfied. ſed; yer has this peculiar, that he makes Water, or Glaſs, or 
any ocher more Denſe Medinm, refift the Progreſs of Light 
leſs chan Air. Bur in this particular he is abundantly recti- 
hed by Leibnutzius, who ſhews the Incongruity of char Sup- 
poſition. 


(3.) One 
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(3.) One thing more 'there is remarkable -in the Learned ,Am- 
Leibnutzius Diſcourle,, which I cannot here paſs over, and that Cauſe. 
is, A pious Refle&tion which he makes on this\ occaſion, con- | 
cerning Fmal Cauſes. For 'tis maniteſt, that the Ray proceed- 
ing from -C, docs nat conſult with it felf, how'it may-wirh 
the greateſt cale arrive at the Poinr'E,- or D, or G ; - neither 
is it carried by it felf ro thoſe Points) Bur the (Great Creator 
of all things, has ſo made Light, thar this moſt beautiful, or- 
derly, and admirable Event{hould refulc fromits very Nature. 
Wherefore' they ate in a great Error, who reje&t Final Cauſes 
in Natural Philoſophy, which,  -betides affording us occaſion 
of admiring and adoring the Divae Wifdom;'do often dilco- 
ver to us a curious Prindple of finding our the Properties 
of thoſe things whoſe inward Natures nor ſo.clearly- known 'Y 
by us, as: that we-can explain the immediate efficient Cauſes 
and s, , which the Abmghty Mover imploys in produ- 
cing thole Effetts, and obtaining thoſe Ends. 

Indeed Lſhould think at an Arrempe worth the Thoughe of 
ſome profound Plulolopher, to give an Accouncofthole admi- 
rable, orderly, and :beauriful Appearances in Nature,/' whereof F3iGur 
wecan moſt plainly apprehend the Deſigns and\Final Cauſes, bur {re 
can hardly proceed to any farther Knowledg of them. (Thus 
tor inſtance, ſuppoſe it were asked, {What 45 the cauſe of Refra- 
fan: Were xr not much latst4&tory>ro anſwer; That there- 
by: the Ray may proceed 'the eafeſt way poſſible ); * This ſurelymight 
be able to convince the moſt obftinate Oppoſers of ' Drvinny : 

For certainly, if we canirely upon dny Deduttion or Conſequence 
drawn out:by che Mmd of Mar, we may afturedly reſt [{avis- 
fied !1n;this ; chat '4o: many (Phenoment,: :[tupendous and ſur- 
;ptiſang for .cherr defaqned' Contreadace, "could not” proceed bur 
.trora 1an Ommpotent and Deſignmg 'Bemg.” "Bar if after all, they 
will arrive to ſuch an height ot *Extravagance, as to fay, 'We 
.cannor xely on thete'Conclulions)/ was being all-in the dark, 'and 
| CC 2 knows 
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knowing | nothing ; let them look-ro "the" hazard of their own 
PrinGples, who endanger their, eternal Happmeſs on confidence 
of then own Arguments.  ;But co reſume our Subject. 

Femat The Famous Monl. Fermat 'has written a long Demonſtra- 
#141:12he tion of this ſame Ptinciple in Dioprricks.” Tis publſh'd amo 
ſame. the French Lexers; at the end of his Opera Mathematica: ' © Toloſe 

1679: Pag. 158, :To which 1 reter'the Reader, 

Farther  (4.) Bur: after-all, pethaps it may not» be amils, to i]- 
nf luſtrate this Buſineb ot; Retraction, 'by ſome: more: familiar 
7:4 and ſeolible Inſtance. - Wherefore Tab. 38. Hig:'5. 'Lerthe Pa- 
2.Ba%. zallelogram A BCD. reprefeht a Ray of Light of this breadrh, 

and let it fall 'on«he. plain Surface of ' the: Glaſs"E Þ; this 

in ſome meaſure does ſtop its Courte ; andthe Poine'B enter- 

ing the Glals, ſhall endeavour | (bur flower) :ro [proceed on- 

wards dire&ly to. Grin: the Line. A'B produced, ' ' Bur all this 

while che -Point:D; - continuing yer in the 'Air, » ſhall continue 

ics former motion in the'Right Line 'C D H;: but now 'ris im- 

{Gble for both the Points'to obtain what both endeavour ; 

* cach..cannor: perform. his dire 'Mocion, ;* one: ſhower, -'and 
rother quicker. '- And therefore that rhey may. both:-come ,nigh- 
eſt ro:\what each eadeavours, they ſhall both be! turnedabout 
forge certain Point Z, inthe Right: Line DBeproduced; : So 
thar-whilſt..che. Point, D in the thinner» Medium proceeding 
quicker, deſcribes the greater Arch D d;1-the Point B, proceed- 
;ing; mare: flowly ins the) more-: Nenje | Medium, | delcnbesi the 
 leller-Arch B#; 5a6d whentbey have thus ran through both 

thele Arches, «the Right-Line B D ſhall obtain the Poſture b 4. 
- And now that che Rowe Dalſo is emerged into the more Denſe 

Medium atd; andit allo.isnow as much retarded as b; 'theſe cir- 

cular Motions-ſhall now geale:; tor D is-nor now carriedgquicker 

than B, -and therefore deſcribes nor,” as before, a greater Arch. 

Wherefore forlaking, - as ſoon as they can, their former Pro- 
gels, they: ſhall both | proceed. in dc, ba, the Tangents co 
+ BanF 
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their Arches.” : And'the whole Ray ABCD thus bent, and 
brought into the Poſture abc d proceeds onwards directly in 
that Courle. And here 'tis to be noted, That whatever lncli- 
nation AB has on E F, the Arches Dd, Bb, -or their Semi- 
diameters ZD,' ZB, have always the ſame Proportion; to: 
wit, {uch a Proportion; as the peckliar Difference 1n the Reſt> 
ſtance or Denlicy: of' one and-tother Medium does require 
(which is to be determined. by Experiment ) ; For Tab. 3 8. 738. F.5: 
Fig. 6. Let us ſuppoſe the Point Bthruſt forwards towards Q 
Or N, and that the Medium below E F is pertealy Homogeneous, 
that is, equally reſiſting in all: Parts thereof ; there is the-no 
reaſon, why this Point ſhauld-not be carried with an equal 
Celerity rowards whatever Part; that is,. it ſhall tend equally 
quick rowards Q in the Right-Line OBQ (ſuppoſing its di- 
rection lye that way) as towards N: inthe Right: Line AB N. 
And therefore the Rays of Light. AB, Q B, however differenc- 
ly inclined, ſhall find an equa! Rehiſtance ; + and the Poine B, 
whether it'rend cowards Q or N, {ſhall be <qually retarded. 
And-allo {ceing the Point D (Tab. 3 8. Fig. 5) continues in the 735. x.5. 
ficlt Medium, it ſhall be thruft forwards with the ſame Cele- 
rity, Whatever is its Inclination. - Whence 'ris;maniteſt, | that 
theſe Motions, or Paths paſled over in. the lame time, co wit, 
the.carcular Arches D d, Bb, {hall always obſerve the ſame 
Proportion, thar is, the Proportion of their Semidiameters ZD, 
ZB, .or Z4,'Zb; which Proportion therefore: principally 
and chiefly mealures and determines the Retractions of Rays 
in the ſame ewo Mediums. And this is the: fame Proportion, 
as is between the Sines of the Angles oppolite to. Z dz. AB, 
in the Triangle Z4 B,i'that is, ofthe Angles Z Bd, (or ZBE) 
and Z d B, | But Z BE is the Complement ot the Angle nal 
and therefore (by-Def.:2, Part. I.) Z BE 1s the Angle of Ih- 
cidence or Inclination oft AB to E F; and the Angle Z4B is the 
Complement ot the Angle F dc; and theretore:.Z dB is the 
. | "Yefratted 
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Refrafted 4ngle (by Def. 3. Part.l.). From hence 15 manitelt 
what we aflert inthe 7 Experiment, Partl. And here we 
{hall nore; that according to Exper, 6. PartI. ZD hall be 
wo ZB::As.300 To 193; oras 14 to g. | 

Lizke « (5+) And thus much concerning Refrattion. The Confider- 

BY. ation "whereof does naturally ſuggeſt unro us, That Light «4s 
a Body. For however the Antiemt 4;ftotelians defined it, Aus 
perſpicui quatenus perſpicuum, which is perfectly unintelligible; 
yer ſo much we may perceive hereby, that they deſigned to 
exclude ic from all Corporeal Notion. Burt che various Proper- 
ties of Light, thar'do neceſlarily. belong to a Body, . are fo 
many and evident, - that they leave no room for any farther 

 doubr in this. matrer. Oe —_— bur a oo 

Fromits (6.) And firſt, by this &fe&ion of being refratted, 'tis ma- 

£14 nifeſt thar Lighr, 7 its pdllape .nainens 4 and rother Dia- 

/zſeze, phanous Body does find a- different Reſiſtance. 'Now tis un- 

Bis: conceivable, how any thing, bur Body, ſhould ſuffer Lb 

dum;, ance ; but we may conceive the Reſiſtance, that Light ſuffers 
1n its paſlage through different Diaphanous Bodies, to-proceed 
from the Medium Hindering of 'the Diffuſion or. Diſtribution 
of  Lighr rhrough more-of the Parts of this Mediutn,. atid-con- 
ſequently it maybe ſaid to be leſs ilummable. ,For the Nature 
of Light endeavours to diffuſe it (elf. And on the contrary, 
by how much: Light does more equably or uniformly atiect te 
Parts of the MoSiomns which it enlightens; 'or. by- how much 
fit communicates ts Energy''to more of 'the Particles 'of the &n- 
lightened Space; that Medium may be4aid to'be by ſo much 
the. more-illuminable, or eſs to reſiſt the Progrels -of ' Light. - 
Whence ir is, chat by -how much the” affected Parrs of | the 
Medium are more folid-and /mall, | and*admic berween them the 
leſs Space for any other Heterogeneons Marter, chart tuffers not 
by Light z by ſo much the Medjum 1s faid to be more en- 
1:gbtened. But leaving thele Philoſophical Refmements ;-'tis '1na- 

, nifeſt 
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nifeſt that Reliſtance muſt proceed from Contaft of rwo Bodies. 
And Contaft, cither Attive or Paſſive, belongs only to” Body ; 
according to that of the Philoſophick Poet, Tangere enim &+ Lncietiu 
tangi niſt _ nella poteſt Res. And our Saviour himſelf, the 
Fountain of all Wildom and Philoſophy, Divine and Natural, 
ſeems ro confirm-this Notion ; when to prove himſelf a True 
Body after his Refurre&tion, He commands his Diffident DiCl- 
ciple To Touch Fin: | 

(7.) The Second Property, thar-confirms Light to. be a 01s 


File to 


Body, and a Body moved or -chraft forward, is, That it re- mwc/rom 
quires ttme to pals from one place to another, 'and does it {my 
not in an mſtant, but is only of all Motions the quickeſt, For 

che Experiment proving this, we are obliged to the Ingenious 
Monſ. Romer, who has demonſtrated beyond all Contradiction, 

from the Obſervations of 'the Immerſions and Emerſwns of the 
Satellits of Japiter ; That Light requires the Time of one Second to 

move the ſpace of 30ao Leagues, or -y000 Miles, which is near the 

Earths Diameter. He thar requires a farther Account hereof, 

may confult the Journal des Scavans 1 676. Decemb. >. Phils- 
foph. Tranſa#. Num. 136. Or Mr. Newton's Incomparable 

Piece, —— Natur. Princ. Mathem. Lib. l. Schol. Prop. 96. 
Where 'tis aflerred, That Light requires about ren Minutes 
time to come from the Sun ro the Earth. And” 'tis moſt evi- 
dent, without this Allowance for the Time fpent in Lights 
Motion, the Appearances of the Satellits Ecliples and Emer- 
ſjons are not to be explicated by any Excentricity or other Hy- 
othefis. Bur by this Allowance, they anſwer to the greateſt 
exatneſs. And this 18 a Part of Aſtronomy the moſt correct 
and accurately decermined, as well as the moſt uſeful, of all 
others : For hereby Geography may be reftihed, the Longji- 
rude determined, and Navigation made more calie and te- 
care, For a Confirmation of al! which, 1 appeal to the La- 
bours of the: Ingenious Mr. Flamfteed and Mr. Halley, to 
whom 
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whom the Learned World| is for-ever obliged by their Ad- 


vancements of Aſtronomy, | 
Liz4 re  (8,) A chird proof that Light is a Body, is, That it can- 
creaſed, not by any Art or Contriyance whatloever be imcreaſed or de- 
rb fo miniſhed ; that is co lay, we cannot magnife (for inſtance) 
©» TP the Light of the Sun, or a Candle, no more than we can 
Ligit. magnife a Cubick Inch of Gold, or make ic, more than a Cu- 
bick Inch. Bur in this particular I delire to be rightly under- 
ſtood, leſt I ſecm herein to, advance a Paradox, I lay there- * 
fore, Whenever we lee Light increaſed, 'tis by Robbing of 
{ome other part of the Medium of irs Light; or, by bringin 
the Light, chat naturally ſhould have been diftuled chrough 
ſome other part, to the more enlightened place, Thus tor 
Example, In a Burning-Glals, by which the Light of.che Sun 
is highly encreaſed in its Focus, or Burning-Spot :; We are fult 
to conlider, | thar in 'this Focus the Image of the Sun is pro- 
jected, as being the Diſtiact Bale of che Glas, And ſecondly 
we -may obſerve all round about this bright Spot of the Suns 
Image, there is caſt the ſtrong Shadow ot the whole breadch 
of the Burning-Glalſs. For all the Rays from the Sun, thar 
would have fallen on this broad ſhaded (pace, are now brought 
rogether and crowded clole in this bright Spot, -chere, iow 
a vigorous Light and violent Heat. _ T his is. abundantly con- 
frmed by an eafic Experiment: For cover all the Burning- 
Glaſs, except one {mall round ſpace in its middle, juſt the 
bigneſs of the bright burning Spor in its Focus ; and tho there 
be a ſhaded ſpace round the bright Speck, as before, yer we 
ſhall nor be ſenſible of any Tcreaſe ether of Light or Hear ; 
which plainly ſhews, that- this Increaſe of Lighe (when the 
Glaſs 13 all bare) procceds from the-crowding together of thole 
Rays that would have fallen on the reſt ot the Glaſs, and 
which (were not the Glals interpoled) would have fallen on 


the ſhaded ſpace round about the. bright Speck. 
There 
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There ſeems but one Objection againſt what is here laid 
down ; and that is, that Light is increaſed by Reflection, with- 
out depriving any place of the Light it would otherwile receive; 
or, without bringing to the enlightned part any Light that would 
otherwiſe eſcape it, or never come at it, Bur if we conſider 
the matter more attentively, we ſhall find it otherwiſe. For 
ler us ſuppoſe an Hole of a Foot ſquare in the fide of a Cham- 
ber, and that a Candle were placed cloſe to, and juſt before 
ty,e middle of this Hole ; there is but half this Candle that now 
enlightens this Room, the other halt of the Rays proceedin 
directly out at the Hole : Let now a Looking-Glals be 10 
ſo as jult co fill up this Hole; the Rays which before would 
have gone our at the Hole, are now reflected into the Room 
ſo that the Hemiſphere without the Chamber, which was en- 
lightened whilſt the Hole continu'd open, is now robb'd of 
ics Light; and all this Light is now refleted into the Room 
whereby the averſe ſide of the Flame is made to. enlighten, 
as well as the fide direfly expoſed to the Chamber. What 
is ſaid of this Caſe, may be accommodated to all : For ſo a 
Looking-Glals lying Horizontal, and reflecting the Sun-Beams 
ro the Ceiling of the Room, does plainly hinder the direct pro- 
orels of the Rays to {ome other part, and ame gs robs 
that part of its Light. This is evident, by ſuppoling an Hole 
behind the Glaſs; as in the former Caſe. | 


(9.) From all which tis manifeſt, how vainly they attempt, £4 »* 


to b = 


who offer at mcreaſing Light Uniformly, that is, equally through- creaſed 


out the whole Sphere of a Luminous Body, or Radiating 
Point. Such are the Pretences of thoſe that would perſwade 
the World of Contrivances for making the ſmall Flame of a 
Lamp enlighten ſtrongly a whole Chappel, Hall, or Court, 
by being hung up in the midſt thereof, For theſe things are 
impoſſible to be eftefted in Nature, and they had as well pretend 
to create Light; for there is no other way of _— it; un- 
D leſs 


uniformly. 
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teſs by robbing another part of its Light; and then 'tis nor 
uniformly increaſed. We have a very ſenſible Inſtance of this 
in the New-mwvented Lanthorns, now much uſed in London: ; 
which by the Convex-Glaſles in their ſides, do ſtrongly throw 
thoſe Rays along the Walks of the Paſfengers, which would 
otherwiſe (were the Glafſes away, and the round Holes left 
open) be ſpent on parts of the Streers not frequented ; whereby 
the untrodden parts of the Streets are robb'd of their Light, 
more OnPy to ſupply and enlighten the Paths where Ligk is 
requiſite. 

h have inſiſted the longer on this particular, becauſe there is 
nothing more commonly pretended, than this Invention of 
mcreaſmg Light uniformly, by thoſe that do not conſider how 
vain the Attempt is. I muſt confeſs, could the thing be ef- 
fected, it would be -a. piece of Qeconomick Philoſophy, the moſt 
pleaſant and uſeful imaginable, and equivalent ro the perpetual 
Lamp (if ever there was any ſuch thing, as I very much doubt). 
The Student in his Cloſet, the Merchant in his Shop, the 
Houſewife in her Offices, would find a great and pleaſant Ad- 
vantage therein, But above all, the dark Northern Climates, 
who are many Days, Weeks, and Months deprived of the 
. Sun, would be infinitely obliged to the Inventor, who could 
. make the Flame of a Lamp, no bigger than a Barly-Corn, 
© fupply the Prelence of thar glorious Body | ; 
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Caae. IL 
Droptrick Problem. 
Why Four Convex-Glaſſes in a Teleſcope ſhew Objefts Exet. 


Was unwilling to burden the Firſt Part with Digreſlions; 
| and therefore in Prop. LVI, thereof, I promiled this Dil- 
courle in this place. 

In the Joarnal der Scavans. For Monday 17. Septemb. 1685. 
Pag. 466. Anſt. Edition We find this Paſlage. 

* As Perſpectives of One Convex-Glals make Objects appear 
© upright, which thoſe of Two Convex-Glaſles invert ; and again 
c hot: of Three refiifies So it ſhould ſeem, that thoſe of Four 
© ought to invert. And yet Experience ſhews us that Objects 
© appear upright through thele Glafles. The ſingularity, of rhis 
© Phenomenon obliges all skill'd in Dioptricks, - ro enquire the 
© reaſon thereof ; but hitherto they have found none. .. Moal.. 
© Regis, who applies himſelf particularly to this Part, of Na- 
© tural Philoſophy, believes that he has hit upon the Reaſon, and 
* makes us hope that he will ſuddenly publiſh ir. 

Thus far ' Journal : - Bur does not tell us whoſe Remark 
this is: I am apt to believe, , 'rwas_ written by. Monl. Regis 
himſelf, ro the Publiſher of che Journal.  : 

To-me this Phenomenan appears very eaſily explicable from 
the conhderation of placing the Glaſſes in a Teleſcope. And 
| wonder that any one, who pretends to Skill 'in, Dioptricks, 
ſhould make a Difhculcy of ir. The poſture of the Glaſſes 
in the Tube is thus ; After the Obje-Glaſs, the firſt Eye- 
Glaſs 1s Paced ſo much diſtant (rowards the Eye) from the 
Focus of the Obje&t-Glaſs, as is this Focus of che Eye-Glals ; 
Dd 2 then 


' Glaſs and-Convex'Fye 


[ 204 ] 
then the ſecond or middle Eye-Glals is placed fo much diſtant 
from the Focus of the fart Eye-Glaſs, as is the Focus of this 
middle Eye-Glaſs. Laſtly, the neareſt or third Eye-Glaſs is 
placed ſo much diſtant from the Focus of the middle Eye-Glafs, 
as is the Focus of this neareſt Eye-Glals ; and the Eye, looking 
through them ll, is placed in the Focus of this nearelt Eye-Glaſs. 
[ lay therefore firlt, that one ſingle Convex-Glaſs, cannot pro- 
perly be ſaid by it ſelf, to ſhew Objects ere or reverſe ; but 
only in reſpe# of 'ptacmg the Eye that looks through it ; and in 
reſpeFt of the Objefts Diſtance from it. For if the Eye that looks 
through ſuch a ſingle Conyex-Glals, be placed-nigher therero 
than- the Glaſs Focus or | Diſin& Baſe, diſtant Objeds ap- 
pear erect : If "the Eye be placed juſt in the Focus or Diſtinct 
Baſe, diſtant Objets are neither ere or reverſed, bur all in 
Confuſim betiveen- both, And if the Eye be placed farther from 
the Glaſs rhan-the Focus or Diſtin&t Baſe, diſtant Objets are 
This being laid down, I affert, ſecondly, That che Ob. 
je&-Glaſs of a Teleſ Pe, conſiſting of a-Convex Object- 
-Glaſs, reverſes the Object, both to the 
Eye-Glals,” and'ro” the 'Eye thar looks through it. For the 
Eye-Glats is placed Farther from the Obje&-Glaſs, than is the 
Focus of the Obje&t-Glals. And the Eye-Glaſs does nothing 
towards the reftifying or reverſing. Thus we fee the reverſmg 
of. Obje&ts in' a Telefcope' of rwo Convex: Glaſſes, proceeds 
wholly from the Obje&Glaſs and its Poſition; and the Eye- 
Glaſs has nothing to do in the Aﬀair: For were the Fe it lelf 
in the place of the Zze-Glaſs,” ir would ſee the Object inverted 
through the ſingle 0bjeft-Glafs: ovate BA ang 
I come now to conſider the ſecond Eye-Glaſs placed after 
the firſt Eye-Glaſs. And here it is manifeſt, that placing this 
as it ought ina Teleſcope ; 'it we place our Eye nearer to this 
middle Eye-Glaſs than its Focns rhe Eye ſecs the Object in- 
4 verted 
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verted and confuſed : Place the Eye in the Focus, it ſees the 
Object all in confuſion, neither ere# nor reverſed, For here 
again, there is a diſtin& Repreſentation of the. Obje&t to be 
received on a piece of Paper, as in the Focus of the.Obje&t- 
Glaſs; and the Eye being placed at any time in this © 19a 
being in the Diſtin# Baſe, ſees all in confuſion, (all which is- 
manifeſt from the Firſt Part, and therefore but lightly rouch'd 
here). But then let the Eye be placed farther from this mid- 
dle Eye-Glaſs than irs Focus (for fo is the third or immediate 
Eye-Glaſs, it being always diſtant from the middle Eye-Glafs, 
the Aggregate of both their Foci), it perceives the ObjeCt ered 
and ofa | 

Laſtly, the third or immediate Eye-Glaſs does nothing to- 
wards the ere&ing or reverſing the Spectes, Which it receives ereft 
from the middle Eye-Glaſs; no more than, in a Teleſcope of 
rwo Convex-Glaſſes, the Eye-Glaſs does to the: Species it re- 
ceives from the Object-Glaſs ; as is ſhewn before. All which 
will be manifeſt from inſpeftion only of Tab. 37. Fig. 1. 

Wherefore we are to conl1der the Teleſcope confilling of a 
Convex Objett-Glaſs and three Conyex .Eye-Glafles, as two 
Teleſcopes, each conſiſting of rewo Convex-Glaſles. The ficlt 
conſiſts of the Object-Glaſs and firlt Eye-Glaſs, and this m- 
verts the Species; that is, the Species is mverted in the Diſtin& 
Baſe of the Object Glaſs, and is ſo brought to the Eye. The 
ſecond Teleſcope conſiſts of the two immediate Eye-Glaſſes, and 
this erefts what the former mwuerted ; that is, the-Spectes in the 
Diſtinct Baſe of the middle Eye-Glals is ere, and is fo brought 
to the Eye, by the Eye-Glaſs. The Eye-Glaſles themſelves, 
in either Caſe, having nothing to do-with the erefing or m- 
verting, but merely in repreſenting in the ſame poſture the Image - 
immediately before them. 

The French Problem. ſhould not therefore have broken a 
Teleſcope of four Convex-Glafles into four Pieces, but. into . 
iw0;, 
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two; and the Caſe would then have been plain; whereas, 
by breaking it into four Perſpetive-Glaſles, thar is attributed 
to two of . Ks which neither of them does, viz, Inverting 
and Frethng. 

Therefore I ſay laſtly, That one Convex-Glaſs (that is the 
Object-Glaſs) as polied in this Teleſcope, inverts: The ſecond 
(that is the firſt Eye-Glaſs) does nothing towards erefting or 
reverſmg ; but repreſents the Image as it is in the Diſtin# Baſe 
of the ObjeR-Glaſs before irc, that is, mverted. The third 
Glaſs eres, or rather reſtores what was before inverted. The 
fourth repreſents the Image, as it receives it from the Diſtin#t 
Baſe of the third, that is, erect. 

And this I think a ſufficient and caſie Anſwer to what the 
French Man makes a great Difhculty. 

As a Corollary' to what has been laid down in this Chap. 
ter, we may deduce this Practical Rule for combining or put- + 
ting together a Teleſcope of Prop. LVI. 

Take the two firſt Eye-Glaſſes, and combine them by 
Tryals, ſo as to make a Diſtinct Inverting Teleſcope of 
Prop. L. ; 

Then take the Obje&-Glaſs and firſt Eye-Glaſs, and by 
Tryals combine them likewiſe. 

Laſtly, take both theſe Teleſcopes, and without altering 
che Diſtances of their Glaſſes in either of them ſingly, by Try- 
als combine both cheſe Teleſcopes, till the Appearance be clear 
and diſtinCt. 

What is here done by Tryals, may be effefted by actual 
Menſuration, or deſigning out the Diſtances of the Glaſles from 
each other by knowing their Focal Lengchs, 
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CHnap. IIL 
Of Glaſſes for defeftive Eyes. 


(1.) SpeFacles for old and pur-blind Men. an Invention in Di- 
optricks of great uſe, (2.) Some Rules for chooſing Speftacles 
both for old and pur-blind. (3.) Obſervations on Mr. Hook's 
Invention for helping Myopes by Convex Glaſſes. (4.) Tele- 
ſcopes and Microſcopes adapted to defeftive Eyes. 


(1,) Ere there no farther Uſe of Dioptricks than the Pio 
Invention of Spefacles tor the Help of defective pur-bind- 
Eyes; whether they be thole of| okd Men, or thoſe of pur-blind mrorwnn 
Men; I ſhould think the Advantage that Mankind receives 7,*® 
thereby, inferiour to no other Beneht whatſoever, not abſolutely 
requiſite to the ſupport of Life. For as the Sight is the moſt 
noble and extenſive of all our Senſes, as we make the: moſt 
frequent and conſtant ule of our Eyes in all the ations and 
concerns of human Life; ſurely that Inſtrument that relieves 
the Eyes when decay'd, and ſupplies their Defets, rendrin "NIE 
them uſeful, when otherwiſe almoſt uſeleſs, muſt needs, © \ 
all others, be eltcemed of the greateſt Advantage, In what a Condition” 
miſerable condition do we count thoſe, in whom it hath pleal- Lplerabls 
ed the great Contriver of the Eyes and Sight, to ſhut thoſe two Spefteces, 
lictle Windows of the Soul > And we may imagine, that they, | 
in whom theſe Lights are bur partly obſcured, do in ſome mea- 
{ure partake of the Miſery of the blind. How: melancholy is 
the condition of him, who only enjoys the Sight of what is 
immediately about him > Witch what Diladvantage is he in- 
aged in moſt of che Concerns of human Life > Reading is to 
84 troublelome, War more than ordinary dangerous, ic 
anda . 
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- and Commerce toilſome and unpleaſant. And fo likewiſe, 
on the other hand; How forlorn would the latter part of 
moſt Mens Lives prove, unlels Spefacles were at hand to help 
our Eyes, and a little form'd piece of Glaſs ſupply'd the De- 
cays of Nature ? The curious Mechanick, engaged in any mi- 
nute Works,could no longer follow his Trade than till the 5 oth. 
or 6oth. Year of his Age: The Scholar no longer converſe 
with his Books, or with an abſent Friend i a Letter. All af- 
ter would be melancholy Idleneſs, or he muſt content himſelf 
to uſe-an other Man's Eyes for every Line. Thus forlorn was 
the ſtate of moſt old Men, and many young, before this admi- 
rable Invention ; which, on this very account, can never be 
prized too highly. | 

(2.) And becaule in the Firſt Part hereof, Prop. XXVIIL and 
XLyV. I have bur lightly touched on the proper Method for 
helping aefefive Eyes; I think it convenient to ' open that 

ing what fore- 
goes In the Firſt Part as underſtood. 

Firſt therefore for helping the Eyes of old Men, as being 
more frequently and univerlally requiſite than the Relief of pur- 
blind Eyes. 

In the Firſt Part (Prop.XXVIIL Sec. 8. and Prop. XXXI.) we 
learn, that a Convex-Glaſs is here to be uſed : For thele ſecing 
. diſtant Objects diſtintly, and nigh Objefts confuſedly, muſt ule 
fuch Glaſſes for reading, &c. as make nigh Objects appear as 
diſtant; or, which bring the Rays from each ſingle Point in a 
nigh Object, as if they came from a more diſtant Point. Or 
thus, ſeeing the Cryſtallines of old Men are too flat for nigh Ob- 
jects, that 4s, want Convexity; we are to help them by addin 
ro them an artificial -or adventitious Convexity of a Glas. 
Burt then our enquiry muſt be, Whar is a Proper Convexity to 
this or that particular Eye? And becaule reading, or working 
curious {mall Works, as being engaged upon nigh Objects, are 


the 
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the chiet Imployments,whetein. SpeFacles are requilice, , ſhall 
{uppole our 'Etquiry chiefly: deligged tor this purpole,i,,.Ang. 
indeed, tho these can hardly be-aty Rules-laid dawn, Arictbice:: 
derermia this! macter ; for d/tin& Sight. may coplift. yrickin- a; 
great, Latitude: Yer if we oblervethe following DueRions, ,we, 
{hall be apt to err lels, and ro fit our Eyes better with jSpeffa-; 
cles, 'than if we oblerved no Rule at all; but chofe ata venture.; 
Firttk, When we firlt; find our {elves begin to require Spetta-, 
cles, - let us make choice of the flatteſt Convexities, ' that will 
pollibly help our Eyes. Thee are ulually called Young Spetta- 
cles. There are .nany ways of hnding qur-;and;trying ſuch; 
but none moxe ready, obvious} and: galie, . than | trying wich. 
which-one; can read a {mall Prinz, diſtinctly, with the Book 
fartheſt trom the Eyes; or try which Spettacles burn at the grear- 
elt diltance.;/ for chele- Spectacles, are-che-molt proper tor whoſe 
Eyes to uſe, 'and thall prejudice the. Sight, leſs;,;and-preterye-js; 
longelt of any. ; O <<] PT ot bo guy 
We may note likewile, | that the diſtance of . the(Priat, . or' 
Object from the Eye continuing, the. ſume,-a Convex-Glals-may 
be laid. to be older or younger, agcording ;at it, ts removed farther 
from or nigher to the Eye or Object., This is manifeſt from the! - 
Doctrine in the Firlt Part, concerning the Licus Hpparens of an 
Obje&-rhrough ſuch a Glals, . "T9 which therefore I refer. 
Secondly. 1t your naked Eyes canrtead-a; maderate Print atthe 
full extent of your Arms, or-at the diſtance of about two Feer 
or two and an halt ; and you delire a Pair of Spectacles to read 
wich, at the uſual Diltance ot reading, viz; abour a Foot or lictle 
more : Procure a Pair 'of Glaſles'of luch a Conyexity, thatan 
Object being cxpoled before chem at  the- Diſtance of about a 
Foor, they may have their Þnagmary, Focus, 'or the apparent 
Place of rhe Obje&t, diltant ftrom:thena about two, or two Feet 
and an half. . All which may; be cally/obrained and cfteted i, 
by the Doctrine in the Firſt Pare, | (14 p.10F 
E e In 
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In the next place, for relieving-the Eyes of the ſhort-ſeobred, 
pur-blind, or Myopes. We aud voulide! char he ans 
under the contrary Defect with old Men -(for they (ce nigh Ob- 
jects diſtmctly, bur diſtant Objects confuſed), muſt be relieved 
with a Remedy of a contrary effect; and therefore they are 
helped by Concave-Glaſſes, which bring the Rays of 4ſtant Ob- 
jects into the Eye, as if they were nizh. And becauſe we may 
conceive the Cryſtallines if theſe Eyes as- too protuberant or con- 
vex, therefore we are to take off from this roo great Comexity, 
by adding an adventitious Concavity. But then, there is nothin 
ſo univerſally complained- of by thoſe who are thus affected, 
as the Diffculey they find in fitting proper Glafles to their 
Eyes. For the removal whereof, the following Rules may be 
obſerved. 

Firſt, Fhat for viewing d/tant Obes, according"to what 
is noted in-cheFirſt Part, Prop. XV. - If a fhort-ſighted Perſon 
can read diſtintly, or ſee Objects at the diſtance of a Foot from 
his naked "Eye; a Concave-Glaſs, whole Virtual-Focal-Length 
is 2 Foot; / makes ſuch a Perſon fee- diſtant ObjeRts diſtintly. 
And" fo of 'any otherwiſe diſpoſed Eye. So that knowing the 
Diſtance at which a pur-blind Perſon reads diftintly with wn- 
armed Eyes, 'tis eaſte, by the Doctrine in the Firſt Part, to af- 
ſign him a proper Glaſs for his Eye to fee (ſtant Objects. 

Secondly, For Glaſſes proper for Myopes to read by, or to ſce 
ObjeRs ar the diſtance of about a Foot and half. Ler us ſu 
poſe Eyes fo affected, as nor to be able to read, bur at the di 
ftance of Four Inches ;. and that we defire Glafles for theſe Eyes 
to read by, at the ordinary diſtance of about a Foot and half : 
Lerus form fuch Concave-Glaſſes, which, being expoſed to an 
Object ar the diſtance of a Foot and half, may have their Yir- 
tual reſpective Focus at the diſtance of four Inches. And (o like- 
wiſe for any other Diſtance. - All which is eaſily performed by 
thoſe verſed in the Firſt Part of this Work. 
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Thirdly, We are to note, that Mops ſhall ' require dif- 
ferent Glailes for viewing Objetts at different Diſtances. ' But 
che viſive Faculty not being contained within ſuch Rri&t and- 
determined Limitations ; thac'Glafs which is uſeful' ar an Ob- 
ject an hundred Foot diſtant, ſhall ſerve likewiſe at-an ObjeRt 
diſtant fafry Foot'; but chen tis nor ſo helpful atone diſtant 
five Foor. Bur another tmay be had proper even forthis Di- 
ſtance, and not ſo uſeful at an Object diſtam -ati hamdred Or 
fifry Foot. All which is manifeſt from the Doftrine in the 
Firſt Parr. 

Fourthly, There are forme Eyes fo ill conformed, © that no 
. Glafles whatever will relieve them. Of this Thave ofien heard 
a very ingenious Man and prear Philoſopher Sir William Petty 


ofren complainin his own particulat. But then oceeds 
not Get ao little, ' or $00 great a Convexity pts Cong 


but from ſome other Indiſpolition/ or ill Coalgiraioh not'to 
be relieved by Glaſſes. | 
Laftly, Perlons pur-blind labour winder this great Inconveni- 
ence, thar the Glaſfeswhich relieyethem in one particular, do 
hinder cheir ſtrong Viſion of diſtatit Obje&ts iri another parti- 
he For 'as Concave-Glaſſes do order the Rays from any 
e Point, ray to be received by the Eye of a Mops : 
—_—- lame time, they diminiſh the A ciCihs whole 
And from hence it is, that tho thele ſort of Eyes may 
be well enough relieved for Reading and Writing at a convenient 
diſtance, and for ſecing pretty link Objects ar the diftance of 
100, 200, 'or 500. Foot; yet for Objedts muth farther, unleſs 
they be very large indeed, they are not ſo cafily ſupply'd. 


(3-) And here { cannot bur take notice of an ingenious inti- ovary 


mation of Mr. Hooks (to whom the World is certainly much xe for 
obliged for his curious'Contrivances in Mechanicks, and his other nm -M 


Philoſophick Indeavours) publiſhed in Nam. 3. of the Philoſo-*® 
phical Colleftions, Lond. 1681. which he calls Mhopibus Juvamen. 
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'Tis briefly this, That ſome forr of - ſhort-faghted Perſons, who 
cannor be relieved, by Concave Glaſles, \may /perbaps find ſome 
help 4n Convex-Glaſles; | their Eyes being removed art a conve- 
nient diſtance farther from thete Glafles than their Diſtinft Baſes, 
As for reading by theſe Glafles ; the Book mult be arwerted, and 
then the Image in the Diſtin& Baſe {hall be erett, and the Eye 
{hall perceive it ereth., As for Wricng, the Difhculty IS greater 
than mentioned by the Learned Author : For the Myops mult nor 
only learn to write inverted, but allo retrograde, wiz, from the 
Right to the Left Hand ; and, what is yer more inconvenient, 
from the botrom, towards the top ofthe Page; which is hardly 
practicable.,on accountrot blotang the: wer Writing. As for 
viewing di/tautObjefs) with thele Glaſſes; I acknowledg wich 
the ingenious Author, that, much of - the, Diſagreableneſs of che 
inverted Profyr{tis-zakeo: oft by. ule and-cuſtom,:- as I my ſelf 
bave expengaced by my; frequeng uſeiof! inverting; Teleſcopes. 
Bur yet 1 cannof go lo far with the Author, as to aflent to his 
Deduction from hence';- which is, that 'tis only'uſe and cultom 
that makes, us judge: Objects 6. thav art! perceivediby an.ar- 
vepted lraage 6n, the-Fund ofthe, Eye.. For-then a.Man fond: 
ing 01. bis Head, ſhould judge the Trees and other Obyets he'ſees 
iuverted ; which no one in his Senles will do; but rather judge 
what is right, viz, ,that he! himlelt -3s/mber red; whalſt>cher ow: 
cumjacear Objects\continue erect, : ;/T his: wilb:be-miore evident 
tous, by conlidering | the caſe of an adulr'Perfon;”' who has 
beea. blind trom his Birth, ad now ſuddenly reftored to his 
Sight : He. is not. prejudiced by.cnſtom, and yer , (docbriets) 
would judge as. is uſual, - But laſtly, [an other great Difficalcy 
that will attend.the ule. of theſe Spectacles for:Mdyopes, is, 'that 
they muſt be carried at ſuch a diſtance- from the Eyes, that it 
will be very troubleſom co manage them-commodioully.. And 
if, co this again we add the diſtance xequilice-for the Object, 
| queltion whether ſome Mens, Arms. will be long enough 
ro 
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co manage a Pen for Writing, or curning the Leaves of 'a 
Book. | ; 12 20! 
[ have been the longer on this Propoſal, becauſe the Worthy 
Author does candidly inviteail, ro communicate to:the Publick; 
oo real Benehr by i, or Objections againſt ir, they fhall 
ad. 

(4) I ſhall conclude this Chapter with the way of Adapt- 
ing Teleſcopes and Microſcopes to defective. Eyes.. | Which is brielly 
thus; 

A Teleicope compoled'ot a Convex. Object-Glals and Con 
cave, Eye-Glals, being apply d to. an old Eye, the Eye-Glalſs 
may be a little farther removed trom the Objet-Glaſs than or- 
dinarily.: On the contrary, in ſuch a Teleſcope for the Eye of a 
Mops, . the Eye-Glals may. be removed a little nigher ro the 
Object-Glals ; the realon hereof is. manitelt from, what-has been 
delivered in theiFirlt Part. Bur then, how muth;farther, or nizher 
they are to be removed, is. only to be determined by Experi- 
ment, and by every ones fitting the Glaſs co his own Eye. 


Adaptin 
Tele copes 
and NMi- 
croſcopes 
to defe- 
chrveEyer. 


And fo hikewiſe | in Teleicopes'compoled of a, Convex” Obs - 


ject-Glaſs, and. Convex Eye-Glals ;, Forithe Eye-of .an, old) Man, 
the Eye-Glaſs may be removed a lictle farther trom the Object- 
Glaſs, or from the Diſtinct Baſe. And for the Eye of a Myops 
4 lirgle- nigker ro the Object-Glals, than tor Eyes naturally and 
orderly atfected. As 

In like manner for«Microfcopes ; Firſt the ſimple or. tingle 
Corivex for an old Eye, 1s 0 be removed a little fartber "from 
the Object ; ' and for a Myops, ; ai little wgher the Object, than 
the uſuat- poſture. F | 

And ſo'in Doyble Micr»ſcopes. | For an! old;Eye,,, che. Eye- 
Glaſs 1s:to be a little farther trom the -Object-Glats or Diſtmct 
Baſe ; and tor a Myops," a lite ng her the. Obyect-Glajs or Di- 
ſtinet Baſe.” - And becaule in-theſe,” the Diſtmece Baſe-is brought 
nigher to, or/ farther from the: Eye-Glais (without, akeung,-the 


Dittance . 
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Diſtance of the Eye-Glaſs and Object-Glas), only by remoy- 
ing the whole Microſcope nigher to or farther. from the very Ob- 
jeer.; This latter Motion effects the lame as the former; and 
therefore may be uſed for old or ſhort Sights inſtead of the 


-former. 
Cau.aF IV. 
Of Mechamck-Duoptricks, 


(1.) Chief Authors that have treated of Grindmg or Forming Op- 
tick-Glaſſes. (2.) For trymg whether a Glaſs be not plas 
(3.) For finding the Focal Lengths of Glaſſes. (4.) Concerning 
the Centre of a Glaſs. (5.) For trying the Regularity and Good- 
neſs of an Object-Glaſs. (6) Managing great Glaſſes, and the 
Author's Treating thereof. (7.) Proportroning Glaſſes in Te- 
leſcopes (8.) Mr. Hooks's Contrivance for making an Object- 
Glaſs of a [mall Sphere ſerve a long Tube. 


—_— Deſign not in this Chapter to deliver at large the ſeveral 
'Gloſe ways of Grinding and Forming Optick-Glaſjes, the man- 
| grids. ner of making the Forms, Tools, or Diſhes wherein they are 
ai ſhaped ; or the various Machines contrived by ſeveral ingenious 
| Heads for this pnrpoſe : For this may juſtly require a parti- 

cular Treatiſe by it ſelf. And becauſe nothing of this kind 
has ever yet appeared in Engliſh, according as | find the pre- 
ſent Work a |, I may perhaps hereafter atrempe ſomething 
m this way, for the Coblenien of ſome ingenious Engliſh Spi- 
rits, who may be inclinable to offer at thele Exerciſes. In the 
mean time, x that are Maſters of the Languages wherein 

Cherubin. They are written, may apply themſclves to Pere Cherubin's Diop- 

Ea. trique Oculaire, and Zabn's Oculus Artificialss ; wherein they wall 
find an abundance on this Subject. But after all that can be 
writ concerning it, Practice and Experience will find our 
many 
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many Conveniencies and Inconveniencies, - which can hardly 
be committed to Words, or deſcribed ; and therefore this is at 
laſt the beſt Inftructour. Bur here I ſhall mention the chief 
Modern Authors that have contrived Engines for Grinding Glaſ- 
ſes, that cthole who pleaſe may confult them: Mr. Hook in Hook 
his Mccrographia deſcribes an Engine for this purpoſe. Fevg- Herelius, 
lius in his Selenographia, Chap. T, II. deſcribes another for Mo- 
delling the Forms or Diſhes for Grinding Spherick Glaſſes. And 
in the Firſt Part of his Machina Celeſtis, Chap. XXIIL. deſcribes 
one for Grinding Conick-Glaſſes: Ant. Mar. Schyrleus de Rheita De Rieita 
in his Oculus Enoch & Elie, Lib. IV. has a Machine for Conick- 
Glaſſes. Maignan at the end of his Perſpefiva Horaria deſcribes Mignan- 
Machines both tor Spherick and Conick-Glafles. Des-Cartes de cates 
in his Dioptricks has another for Conick Glaſſes. Mon. Borelly te-< t. 
has given the World che Seerer of his manner of Grinding great 
Glaſles in ie os Journal des Scavans, Ann. 1676. July 6. bur 
has not yet obliged us with the Diſcovery: Tho he be a Per- 
ſon of the grearett Candor and Freedom, and the moſt com- 
municative ; as I am obliged to exprefs with much Gratitude 
for his Civilities ſhew'd me in Paris 1685. at which time he 
gave me an Object-Glaſs formed by this way for a Teleſcope 
24 Foot long. The celebrared Monl. Fatio de Duillier (of P-Duillet 
whom Dr. Burnet gives deſervedly fo excellent a Character in 
his Letters of Travails) in the Journal des Scavans, Am." 1684. . 
Novemb. 20. deſcribes an Invention of his own, for ex24l 
forming the Diſhes for Grinding Spherick Glafſes; which in- 
decd is very ingenious, and perfectly new :- 'Bur I cannot cell” 
how eaſily ic may be practiſed, without ſome farther Imaprove- 
ment ; for his Contrivances of the Block c, and of the Screws - 
d, g, (I refer to his Figure) ſeetn not to have all the Motions -. 
requiſire, to keep the Point e exactly true to the Axis of the lit-- 


tle Teleicope bk. 
The: 
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wren -_ The Incomparable Sir Chriſtopher Wren, our Engliſh Archi. 
medes, Apollonins, Diophantus, propoles his Contriyance tor Form- 
- ing Hyperbolick-Glafles, Num. 48. and 53. of the Philoſophic, 


Tranſatt, | 
Conick- Burall farther Endeavours for Forming Conick-Glafles, which 
Gf have hicherro been wholly fruſtrated and unſuccelsful, may 
en ., now be put to a full ſtop; when we hear in chis marrer the 
PRErnch, bes Bi R . d. 2 : 
From ar. OPINION of as great 'a Philoſopher and Mathematician, as this 
ca. Or any Age could ever boaſt of, The Celebrated Mr. Newton of 
-Cambridge, who in his profound Treatiſe, Philo/ophie Naty- 
ralis Principia Mathematica, has fathom'd the greateſt Depths of 
Nature, ind laid a Foundation for Poſterity to raiſe an infinite 
Superſtructure. Thus he, inthe Firſt Book, Schol. ad Prop, 
XCVYVII. Ad uſus autem Opticos, E&c. In Engliſh as tollows, But 
for all Optick Uſes,  Spherick Figures are the moſt commodious. If 
the 0bject:Glaſſes of Teleſcopes were compoſed of two Opberick-Glaſ- 
ſes containing Water between them, perbaps the Irregularity of the Re- 
frattions that are made on the Surfaces of the Glaſſes towards their 
edges, may be accurately enowgh corretted by the Refrattions of the 
Water. And ſuch Obje&-Glaſſes are preferable to klleptick or Hy- 
perbolick-Glaſſes ; not only becauſe they are eaſier and more accurately 
to be formed ; but alſo becauſe they refract more accurately thoſe 
Pencils. of Rays that are (collateral or) out of the Glaſſes Axis. 
But \the different Refrangibility of different Rays, will. for cver 
hinder us from perfecting Opticks by Glaſſes either of Spherick, or 
any other Figures whatſoever. And unleſs we can correct the Errors 
tbat ariſe from bence, all our Labour is loſt im other Corrections, 
And indeed if we conlider it right, we ſhall find it impol- 
tible, by whateyer. Figures ro render the Appearance of the Col- 
lateral-Parts of an Object io diſtinct as the direct ; tor the very 
nacural. Eye does it not; and therefore we are forced to ap- 
ply it lucceſtively directly betore the Parts of any Object we 
deſign to view: And we may well deſpair co perform by Arr, 
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more than what the Almighty Framer of the Eye has given 
us a Pattern for. 


What this Great Man means by the Different Refrangibility of 


Different Rays, We may find, Num. 80. p.3075. N. 83. p.4059. 
 N. 84. p. 4087. N. 85. p. 5004. N.88. p. 5084. N. 110. 
p. 217. N. 121. p. 499. N.123. p. 556. 
the Philoſoph. Tranſattions ; wherein he lays down a perfetly 
new and moſt ingenious Theory. of Light. 

In the ſame Tracts, Num. 81, 82, 83. we may 
Account of a new Cata- Dioptrical Teleſcope, invented by this 
ſame excellent Perſon. 


N. 128. p. 692: of 


Different 
Refrangi- 
biluy of 
Rays. 


hnd an Cata-Ds- 
operach 
Teleſeope. 


(2.) All chat I ſhall offer at more in this Chapter, is, to Tong 
lay down ſome practical Rules for finding the Foci and Cen-G1/ be 
tres of Glaſſes ; with ſome other Accidental Remarks, that may"* *** 


be requiſice to the clearer underſtanding and performance of 
ſome Preceprs delivered in this Treatile. 

The Object-Glafles of Telefcopes are generally of fo lictle 
Curvity on their Superficies, that by looking on them or by feel- 
ing them, it cannor be diſcovered, whether they are pfain or of 
a Spherick Figure ; or which is formed on a Sphere of a greater, 
which of a lefſer Radius, To find this (as I have ſaid before, 
in Schol. Prop. XXXI Part I.) we are to ſhake the Glaſs nimbly 
at our Arms length before the Eye; and if the Objects ſeen 
through it ſeem to dance or move, the Glaſs is not plain. And 
that Glaſs which makes the Objects ſeem the mal to move is 
tormed on the leſs Sphere, whether Convex or Concave. 


(3.) When we have thus found our Glaſſes ro be Spherick. For fad- 
Then {uppoling them Convex, there are leveral Methods for Fm: of 
finding their Foci. 1 ſhall lay down ſome of the plaineſt and ®** 


molt certain. 

Firſt, for Glaſſes of pretty deep Convexities (that is, of 

{mall Spheres), apply them to the end of a Scale of Inches and 

Decimal Parts, and expoſe them _ the Sun ; and upon the 
F 


Sale, 
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Scale, we ſhall find the bright Interſetion of the Rays exatly 
mealured our. Or expole them in the Hole of a dark Cham- 
ber; and where a white Paper receives the diſtin&t Repreſen- 
ration of diſtant Objects, there is the Focus of this Glaſs. This 
iS an univerſal and certain way tor all Convexes. For a Glaſs 
of a pretty long Focus, obſerve ſome diſtant Objects through ir, 
and recede from the Glaſs, till the Eye perceive all in confuſion, 
or till che Objects begin juſt co appear mverted ; here the Eye is 
in the Focus, If it be a Plano-Convex Glaſs, make ir reflect 
che Sun againſt a*Wall; , we {hall on the Wall perceive two 
ſorts of Light, one more bright within an other more ob/cure ; 
. withdraw the Glaſs from the Wall, till che bright Image is at its 
lmalleſt; the Glaſs is then diſtant from che Wall about the 
fourth part of its Focal Length. IF it be a double Convex, 
expole each ſtde to the Sun in like manner, - and obſerve both the 
Diſtances of the Glaſs from the Wall: The firſt. Diſtance is 
about half the Radius of the Convexity turned from the Sun, 
and the ſecond Diſtance is about halt the Radius of t'other Con- 
vexity likewiſe : Thus we have the Radii of che two Convexi- 
ties; whence the Focus is determined by Prop. Il. Part I. The 
reaſon hereof depends on the Dodtrine of Catoptricks. 

Bur the moſt exact way of determining the juſt Focal Length 
of the Obje-Glaſs of a Teleſcope, is whart I ſhall lay down 
in Chap. V. Sec. 4. of this Part, which, becaule | mult neceflarily 
deliver in that place, I will not here anticipate. 

The Foci of Concaves are obtained by Refletion; for as a 
| Concave Miroir or Speculum burns at the diſtance of about half the 

Radius of the Concavity ; fo a Concave-Glaſs being ſuppoſed a 
Refleting Speculum, (hall unite the Rays of the Sun, at the di- 
ſtance of about half the Radius of the Cavity. 

(4.) Before we proceed to the Centration of Glaſſes, we are 
ro recolle& the 1 $th. Definition of the Firſt Part, wherein we 


9 G's. define the Aris of a Glaſs. 1 lay therefore, when the Axis of 


a 
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a Glaſs paſſes directly through the Centre of the Glaſſes Breadth, 
or roundnels of its Aperture, that Glaſs is faid to be truly centred. 
And this will always be ſo when the Glals is equally thick round 
the edges of its Aperture. But this will be more incelligible by 


a Scheme Tab. 40. Fig. 1. Let ag dea be a Plano-Convex- T-4-*. +, 


Glaſs, much thicker rowards the Edge de, than towards a; 
let ag be equalto gd, g is the Centre of this Glaſs, for'tis the 
middle Point of its Aperture or Breadth. Bur then this Glaſs is 
not truly centered : For, to | the Centre of the Convexity ag d 
draw g 1, Ifay g lis not the Axis of this Glals ; but if there may 
an other Line k be drawn, whole Portion within the Glaſs i k 
is greater than þ g (as in this Cale it may eaſily be demonſtrated. 
For Ik=lg and [h more than li, For {1ih=Re&. there- 
fore bg leſs than ki) and which being perpendicular to the plain 
Surface ae, as well as to the Convex Surface akd; Ik muſt 
conſequently be the Axis of this Glals. Wherefore k is the true 
Centre of this Glaſs. And becauſe, to compleat this Glaſs, 
there is wanting the Portion df e; therefore to make the true 
Centre of the Glaſs k, coincident with the middle Point of 
its Breadch or Aperture; we are to make k b equal to kd; and 
then we are to cut off, or to cover the Portion of the Glaſs b a c 
equal to dfe ; and fo we obtain the compleat and truly Cen- 
tered Glals cbkdec. The ſame may be underſtood of dou- 
ble Convexes, without farther Explication. 

Bur becauſe in Object-Glaſles of even moderate Lengths, 
'tis impoſible by the Eye, or any Admeaſurement of their 
Thicknels, to know whether they be truly Centered: There- 
fore we muſt have recourſe to ſome other Methods, that may 
ſhew this. And theſe are various. 

Firſt, Holding the Glaſſes at a due diſtance from the Eye, 
ler us obſerve the two refle&ted Images of a Candle ; and where 
theſe two Images wte or coaleſce, there is the true Centre of the 
Glaſs; if this be in the middle of the Glaſles Breadth, the Glaſs 

Ft 2 is 
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is truly Centred ; if not, we are to rectifie it, {hall be declared 
hereafter. 

A ſecond way is, By preſenting the Glaſs before the Sun, 
and making it refleft the Light on a Plain nighly parallel 
to its Surface, at a proper diſtance; and we ſhall perceive two 
forts of Light reflected ; one ſmaller, but much more ſtrong 
and vigorous, within another more faint and large. Then by 
a due poſture of the Glaſs. (found by Tryals) both theſe Lights 
are <4 projected as round as poſſible ; and ar a proper diſtance 
from the Wall on which they are reflected ; the round brighteſt 
Spot is to be brought into the ſmalleſt compaſs that it 
can (Tryal will make all this plain). When the Glas is 
in this poſture, if the bright Spor be projected juſt in 
the middle of the fainter Light, the Glaſs is well centred, If 
it be projected ro the Left Hand of this middle, the Glaſs 
is thickeſt rowards the Left Hand Edge. And fo to whatever 
fide of the faint Light, this bright Spot is projected, on 
that fide is the Glaſs thickeſt; and on that fade lies the true 
Centre. The reaſon hereof I ſhall explain in a Plano-Con- 
vex-Glaſs, and is the ſame in a double Convex; mntatis 
mutandis. For the bright Spot is the Image of the Sun pro- 

2:4-F.2. jeted by the curve Surface of the Glaſs confider'd as a refle- 
fling Speculum (whereof more hereafter), | and the faint Light 

is the Reflection of the Sun from the other plain Surface, 
Tab. 40. Fig. 2. ade is a Plano-Convex-Glals, thicker towards 
the fide de than towards a. Let the Curvity ad (whoſe 
Centre is c) be expoſed dire&ly to the Sun: By the known 
Laws of Catoptricks, the Parallel Rays (from the middle Point 
of the Sun, ftorinſtance) falling on-the Curvity (which paral- 
lel Rays in the Figure are expreſſed by continued Lines), are 
waited in the Focus at f, diſtant from the Curvity about half 

* ts Radius, there cauſing a brisk Light and Heat. In the mean 
time theſe parallel Rays do fall on the plain Surface ae obliquely, 


and 
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and are reflected thereby alongſt the prickt Lines; and theſe are 
they which cauſe the faint Light. Now 'tis manifeſt, thar if 
a Plain at f, parallel to the plain Surface ae, received theſe 
ewo Reflections, the 'bright Light ar f would not be found in 
the middle of the faite Light : For here we fee the faint Light 
is thrown much to one fide. And the bright Light f is pro- 
jected upwards from the middle of the faint Light; for the 
Glals is thickeſt npwards towards its Edge de. 

The third Way of Examining the Centres of Glaſſes is yer 
more compleat than the former ; for it does not only diſcover 


the Fault (it there be any, as-1n long Object-Glafles 'ris very 


rare bur there is; eſpecially it they be wrought in the Form. 


by che unguided Hand, and not by Engine), bur wirhal, it 
rectifies the Fault. Tis thus; Cover the Surface of the Glaſs 
with a thin picce of Paper, in which there is cut a round Hole 
of about an Inch diameter, and round about this Hole there 


are to be ſtruck rwo or three Concentrick Circles ; move this. 


Paper upon the Glaſs, till you ſee, on the plain that receives 
the reflected Light, that the bright Spor is exactly in the mid- 
dle of the other fainter Light round ir. This alfo one may 
meaſure by a Pair of Compaſſes, having, tothat end, lightly 
fixed the Paper to.the Glaſs, that we may more nicely. de- 
termine, whether this bright Spot be exatly in the middle. 
This therefore being caretully adjuſted by gently ſliding the 


Paper on the Glaſs (if ir be requiſite), we are, without the: | 


leaſt alcering this rrue Poſition of the Paper, to fix it more 
firmly to the Glaſs. And laying it thus on a Table, let us 
mark on the Glaſs (by the Point of a Diamond) three Points 
in one of the Circumferences Concenerick to the round Hole in 
the Paper. And ſticking a {mall piece of Cement on the Glaſs 
about the middle of the round Hole; by means of the three 


marked Points, let us find the exa&t Centre of this round 


Hole, Then uncovering the whole Glats (except only the Ce- 
men. 


ac.” $ + 


[| 223-] 

ment in which the Centre is marked), with a Diamond- 
pointed Compals, ler us ſtrike as large a Circle on the Glaſs, 
as its Breadth will bear. Then round the Glaſs according to 
this Circle, and 'tis as exactly centred as the Senſe can . bs 

Bur. note, That whereas I have ſaid that the brighter Sport 
is ſmaller than the fainter ; and that the brighter Light is to be 
reflected into the middle of the famter. This 1s to be underſtood, 
ſuppoling the Breadth of the Glaſs will allow it, For the 
Glals may be ſo narrow, that the Projection of the bright 
Image of the Sun may be broader than the Breadth of the 
Glaſs. But this happens ſo ſeldom in Practice, that I pals 
jt over. 

Pere Cherubin, who is often very nice in matters of little 
moment, and looſe enough in thoſe of greater weight and 
abſolute neceſſity, deſcribes an implicated Contrivance for 
true Centring of, Glaſſes. /iſion Þ arfait, Tom, II. p. 109. 


3628 (5.) The ſame Frier lays down a Way of Examining the 
Larit) -/Regularity and Goodnels of an Obje-Glals, pag. 25. which 
of an 0b..3t may not be amiſs here to inſert. After we have centred the 


.Object-Glaſs as well as we can, by the foregoing Method : 
To try the Regularity of its Form to the — exactnels, 
ſays be, We mult do thus. On a Paper ſtrike two Con- 
centrick Circles; one whoſe Diameter is the ſame with the 
Breadth of the Obje&t-Glaſs ; r'other of half that Diameter, 
This inward Citcumference divide into fix equal Parts, by the 
knowa way of applying the Radius f1x times in the Circum- 
terence, and,making fix fine ſmall Holes therein with a Needle. 
Let us cover, one fide of the Glaſs with this Paper; and then 
expoling it to the. Sun,. we are to receive the Rays that pals 
through cheſe fix Holes on a Plain at a juſt diſtance from the 
Glais. And by withdrawing or approaching this Plain from or 
to the Glaſs, .we ſhall find, whether the Rays chat pals - 
through theſe ſix Holes unite exactly together at any diſtance 
from 
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from the Glals ; if they do, we may be aflured of the Regu- 
laricy of this Glaſs, that is, of its ju? Form, And at the ſame 
time we obtain exattly the Glafles Focal-Length.- 

Bur after all, there is no better away' for trying the Excel- 
lency of an Obje&t-Glaſs, than by placing it'in a Tube; and 
rrying it with ſmall Eye-Glaſles at ſeveral diſtint Objects. 
For that Object-Glaſs that repreſents the Obje&s-the brighteſt 
and molt di/tin4, and bears the greateſt Aperture, and moſt Cons 
yex or Concave Eye-Glals, without colouring or Hazinels, 
is ſurely the beſt. The moſt convenient Object to try them 
at, is the. Title Page. of a large Book ; wherein there are gene- 
rally Letters printed of divers Mignitudes, and therefore 'ats: 
fords variety of {mall Objects; 'whereby the comparative Ex- 
cellency of Object-Glalles may be nicely eſtimared. This the 
Celebrated Monl. Caſſini, the French King's Aſtronomer, ſhew'd 
me when [I viſited him at the Obſervatory in- Paris, Amt. 1685; 
who tryed all his Glaſſes by the large Tirle-Page' of a Book, 
fixt inverted on the Jaume of a Steeple Window more than + 
of a Mile diſtant from the Obſerwatoire. | | 

(6) The next Piece of Methanjck-Dioptricks, which I ſhall Mange- 
mention, is, The Managing Great Glaſſes. And herein I ſhall $75: 
not ſwell this Volume with deſcribing thoſe ſumptuous Con- 
trivances and coſtly Machines invented for this purpole : Ie 
ſhall ſuffice me to refer the Reader to- the Original 'Aurhors, 
where he may find ther deſcribed at large. 

Hevelius in his Machina Celeſtis, Part. F. - Cap. 19, 20, 21H, 
22. deſcribes the Engines he uſed for his Teleſcopes. And 
amongſt others, a Contrivance for managing his Tube of 60 
Foot, and another of 150 Foor long: + © © - « 

The deſervedly Celebrated Monf; Flugens,, one of the chief -Hugers. 
Mathematick Luminaries of-the prefent Age, has publiſh'd a 
{mall Tract, Aftroſcopia Compendiaria, defigned only tor Deſcrib- 
ing his way of Managing great Glafles with very little trou- 

| ble 


Cuſlet. 
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ble, and without a Tube. This I am ſure is no barren Spe- 
culation' of the Ingenious Author's, but ſuccelsfully practifed 
by him ; as I can gratefully teſtifie, having had the favour of 
being ſhewn the whole Contrivance by the Excellent Au- 
thor himſelf in his Garden at the Hague, Ann. 1685. at which 


Planetary me [ had the happinels alſo of fecing his Planetary Clock, or 


Moving Ephemeris, a Machine that cannot be ſufficiently admired. 

Monl. Cyſſet, an Tons French Man of Lions, © has pub. 
liſh'd his Contrivance for managing great Glaſles, in the Jour- 
nal des Scavans, Ann. 1685. May 18. 

Mon. Caſſini, when I was with him at the Obſervatoir in Paris 
(amongſt other Curioſities, which according to his uſual Can- 
dour and Civility he communicated ro me) ſhewd me wo 
very pretty Contrivances for managing great Glaſſes, which, 
becaule nor_ yet publick, I ſhall deſcribe as well as I can by 
Memory at this diſtance of time, The firſt was a plain Piece 
of Clock-work, moved by a Spring and regulated by a Pen- 
dulum Vibrating half Seconds. This carried an Arm thar 
ſtood ſomerhing prominent from the Body of the Work ; 
which Arm at its extremity carrked the -Object-Glaſs fixt in 
a Ring, This Arm and the a: yp ; by means of 

aduared Arches in the Clock-work could be turned ad Li- 
bitum dire&ly to any Star, Thus ſuppoſe Saturn were to be 
obſerved ; by a common Ephemeris, knowing, his Longitude 
and Latirude, rogerher with the Time of Day or Night, the 
Arches of the Clock being pur to ſuch and ſuch Diviſions, 
and the Machine it ſelf placed with ſuch or ſuch a part hori- 
zontal or perpendicular ; the Objet-Glaſs was of courle dire- 
aly expoſed to the Star, - Then the. Pendulum being pur in 
motiou, the Machine kept the Glas conftantly expoſed di- 
realy to the Star in its diurnal Motion. This whole Ma- 
chine then, being placed upon an Height, carried the Object- 
Glals in its due poſition ; and. the Obſerver below managed 
the 
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the Eye-Glaſs by his free Hand, aſſiſted with a Reſt. Tho 1 
cannot retain ſo exa&t a Remembrance of this Engine, as to 
venture at a Scheme of the particular Parts; yet his Deſcri- 
ption perhaps will be ſufficient. ro give the ingenious Aſtro- 
nomer an Idea thereof, fo as to apprehend the Contrivance 
in general. Something much of the ſame kind may we find 
deſcribed in Mr. Hooks Animadverſions on Hevelins Mach. Ce- 
leſtis. p. 66, 67, 68, Cc. 

The other Contrivance he mentioned to me, if I forget nor, 
he or Monl. Borelly told me, was due to Monl. Azout. Ir is 
thus ; From the Tube of a ſmall Teleſcope there ſtands our 
an Arm perpendicular to the {ide of this ſmaller Tube : This 
Arm carries the great Object-Glaſs; then an Obſerver upon 
an Height manages this ſmall Teleſcope, following therewith 
the Motion of a Star ;, by which means the great Object- 
Glaſs (being parallel ro the Object Glaſs of- this leſſer Tele- 
ſcope) is kept conſtantly in proſecution of this ſame Star : Then 
' the other Obſerver below manages the Eye-Glaſs as before. 

Theſe two Contrivances are indeed pretty Thoughts ; but 
[ cannot promiſe that they can be fo eaſily praftiled; unleſs 
the Machines that carry the great Object-Glaſls be made to 
riſe and fall at *pleaſure, as the Star riſes or fets. For other- 
wiſe, the Obſerver that manages the Eye-Glaſs, ſhall ſoon 
loſe the ſight of his Objet; unleſs he have the oppartuniry 
of 7iſmg and falling, by ſome ſuch Contrivance as the tore- 
mentioned Monl. C:ſſet propoles in the fore-cited place. Bur 


this is vaſtly chargeable. 


'Tis now above ſeven Years {ince Monl. Boffat of Tho- Boe: 


louſe has promiled the World his Contrivance tor managing 
great Glaſles ; of which he has given a {mall Specimen in the 
Journal des Scavans 1682, Dec. 28. but we hear nothing tar- 
ther of it; perhaps becauſe the Contrivance requires reflecting 
Speculums, which much weaken the light of the Object, and are 
therefors fonn1 vſel-15, G o 
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Proper (7) 1 may reckon another Piece of Mechanick Dioptricks, 

Glaſſes ;= The proportioning of the Glaſtes in Teleſcopes and Microſcopes. 

and Mi. We have ſaid before, that, of two or more Object-Glafles 

Teſcepes. of the ſame Focal Lengehs; char is the beſt, which will bear 
an Eye-Glaſs of the greateſt Convexity (this is uſually called 
che Deepeſt Charge): Bur yer there are ſome Proportions to 
be obſerved, which Experience has found our, as the moſt 
convenient and beſt adapted for moſt Mens Eyes, that ate 
well diſpoſed. For ſo a good Object Glals of 12 or 1 
Feer, will bear a Charge of 3 Inches, better than a Charge much 
deeper or ſhallower: 

But moreover, In adapting an Eye-Glaſs to an Object-Glaſs, 
reſpect is likewiſe ro be had to the Objef# we contemplate ; 
for Objects of a ſedate Light, as Satwn, Jupiter, &c, will al- 
low deeper Charges, than thoſe of a more brisk and Rrong 
Light, as Venus, Cc. 

Wherefore this whole Aﬀeair being only the Subject of Ex- 

eriment, to that Iſhall refer, and only hint by the bye ; Thar 
or Teleſcopes of three Convex Eye-Glaſles, Cherubin adviles 
(Dioptrique Oculaire, III. Par. Sec. 2. Cap. VII. pag. 188.) that, 
of the three Eye-Glaſles, that next the Obje&-Glaſs ſhould 
be of the deepeſt Charge; the middle Eye-Glais ought to be 
ſomething ſhallower ; and the immediate Eye-Glals the ſhallow- 
eſt of all. 

} For Proportioning Glaſles in double Microſcopes, we may 
conſult the ſame Author, Bur 'tis redious to tranſcribe. 

The LV. Prop. of the Firſt Parr, relates to the Apertures of 
Objet-Glaſſes. After which, we have nothing to add in this 

"IG place ; which otherwiſe might have been challenged by a Dil- 
cri» courſe thereon, as being of a Mechanick Conſideration. 
mate  (8.) The laſt Piece of Mechanick Dioptricks I ſhall mention, 


make a 


6/4/: of a is an ingenious Thought of Mr, Hooks, for making a ſhort 


Sper Object-Glaſls perform the part of one formed on a much lar- 


lrg Tube. ger Sphere. * Prepare 
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&« Prepare (ſays he) two Glaſles, the one exactly flat on 
© both {1des, the other flat on the one fide, and Convex on 
« the other, of what Sphere you pleaſe. Let the flat Glaſs be 
«1 little broader than tother. Then let there be made a 
« Cell or Ring of Brals very exactly turned, into which theſe 
« two Glaſſes may be ſo faſtened with Cement, that the plain 
« Surfaces of them may lye exactly parallel, and that the Con- 
« yex-{ide of the Plano Convex-Glaſs may lye inward, but 
« fo as not to touch the flat of the other Glaſs. Thele being 
« cemented into the Ring very cloſely about the edges : By-a 
« (mall Hole in che fide of the Braſs Ring or Cell, fill che 
« interpoſed ſpace between thele two with Water, Oyl of Tur- 
« yentine, Spirit of Wine, Salme Liquors, &c. then ſtop the Hole 
« with a Screw : And according to the ditferin Retradtion of 
« the interpoſed Liquors, fo ſhall the Focus of this compoud 
« Glaſs be longer or ſhorter. Yid. Philoſoph. Tranſ. Num. 12. 

a7. 202. 
: "This, | muſt confeſs is an ingenious Hint: But I doubt 


the deſired Efect will not be ſo lucceſsfully arrained thereby, 
ſo as to conſtitute an Object-Glaſs for a Teleſcope. For cer- 
rainly, were it effectual ; 'tis fo eafie and withal ſo ufeful, 
that betore this time it would have obtained, and been pra- 
Etiſed witverſally. And this makes me queſtion, whether ir 
would be of any better efte&t, than a Meni/cus-Glaſs, or a Com- 
bined Glals of Prop. XVII. Part. [. 
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Caae, V. 
Of Teleſcopick-Inſtruments. 


(1) Controverſie between Hevelius and Hook concerning Te- 
leſcopick Sights. (2.) Hevelius's Objeftions againſt them. 
His Miſtake concerning them. (3.) Their Fabrick or Con- 
trivance, (4) Adjuſting them to plain Rulers or Tubes. 
(5.) To Quadrants, Sextants, &c. (6.) Dioptrick Reaſon 
of their Performance. (7.) Adapting the Micrometer to a 
Teleſcope. 


(1;) HE Fame of Johannes Hevelius, Conſul of Dantzick, 


ww 4 is deſervedly celebrated by all that delight in Aſtro- 
relivs ad nomy. His Performances herein are highly extoll d by all ; 
_— and the ſumptuous Volumes of his Labours-and Studies, which 
— o he has publithed, have procured him an immortal Name of 
Sights. Honour amongſt the Literate. Bur notwithſtanding all his 


commendable Endeavours, he has not yer arrived at the height 
of perfection; but ſomething is yet wanting and deficient even 
in his moſt coſtly Machines. Whoever peruſes the large and 
elegant Volume of his Firſt Machina Celeſtis, will admire at 
the vaſt Treaſure he has expended on Aſtronomical Inſtru- 
ments of all ſorts; when he fees even the very Deſcription of 
them (o very ſumptuous. And- yet, at the ſame time, who- 
ever peruſes a ſmall Book of Animadverſions on this Machina Ce- 
leſtis, ' by the ingenious Mr. Hook, will hind one grand Defect 
does attead the noble Aevelius Inſtruments, which renders 
them (1 will not ſay, uſeleſs, faulty, or no better than Tichos, 
yet) not ſo compleat and perfect, as otherwiſe they had been 
by the Additioa of Teleſcopick Sights. For Hevelius wholly 
uled Plain Sights, which certainly are not fo accurate as Telel- 


copick. 


VT 
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copick. And tho I muſt confeſs ingeniouſly, that this renoun- 
ed Aſtronomer, by his extraordinary Diligence, great Care, 
and perpetual long-continued Practice, but-chiefly by his pe- 
culiar ſharpneſs of Sight, had arrived to a great exactnelſs of 
Obſervation by plain Sights (as I find by comparing the Ob- 
ſervations made by the moſt curious Aſtronomers of our Age, 
Flamſteed, Halley, Caſſmu, &c. by Teleſcopick Sights, wich thoſe 
Obſervations made by FJevelins;) yet this we are to attribute 
more to the peculiar acutenels of his Eye, and to his extraor- 
dinary Diligence and Care in Obſervation, than to the exactnels 
of plain Sights. For to me it ſeems manifeſt, from what the 
Learned Mr. Hook lays down in the forementioned Book, that 
the naked Eye cannot ordinarily perceive an Angle (or Object 
that ſubtends an Angle) leſs than a Minute, or half a Minute 
at the ſmalleſt. For tho we perceive Stars of that magnitude 
that their Diameters are not halt a Minute; yer this is by a ſort 
of adventitious or glaring Light, that is cauſed by the Retra- 
ftion of their Rays in the Air ; which makes them appear to 
us much bigger than really they are; as is manifeſt, when we 
come to look at them with a Teleſcope that rakes off this glar- 
ins Light. 


(2.) The want therefore of Teleſcopick Sights is what theckes 


Mr. Hook chiefly inliſts upon, as defective in Hevelins coſtly jan 


Aſtronomical Apparatus : Bur yet, inrhis whole Book of Auimad- 
verſions, he takes no notice of the chiet Objections, . which 
Hevelius uſes againſt them. And I am perlwaded the. Can- 
dour of that Noble Aſtronomer (whoſe Memory mult now 
be ſacred) was lo great, that upon the removal of theſe Dif- 
ficulties, he would have given up the Cauſe; for it leems the 
Controverlie was long agitated between them. 

Theſe Objections we ſhall find in the Firſt Part of the 
Machina Celeſtis, Cap. XIV. pag. 296. Accedit, fi quando Obſer- 
vator non &que directe & precise ſemper, ut ſpins, crede, con- 
tmgerer, 


them. 
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tingeret, per Centra lentium collineat, facile diverſitas aliqua aſpe- 
us obſervationibus poſſit nduci, que ſuo tempore Celi ſcrutatores 
Jugiter ſeduceret. . Ceterum, cum Acus vel Fila adeo prope lentem 
Ocularem ad obſervatoris oculum vix im remotione aliquot digitorum ſub- 

iſtunt ; dubito an Dioptra hec oculo tam propmqua, multo accura- 
tins Stellas quaſuis minimas, quam Pinnacadia noſtra, ad fex no- 
wvemve pedes ab mwvicem remota, poſſit detegere. Nam etiamſi ob- 
jeftum diſtinftius videas ; m eo tamen, quod Dioptra tua oculo pro- 
pins adberet, plus a vero defleftere poteris, quam nos circa noſtra 
Pinnacidia, que tanto ſpatio ab invicem removentur. Ut taceam, 
quod interſeftio filorum minimas Stellas tibi tegat, Cc. 
For Engliſh Readers thus, 
« Add to this, That if at any time the Obſervator chances 
« not to look directly and preciſely through the midſt of the 
<« Glaſſes (as believe me it may often happen) ſome Varieties 

' © may eaſily intermingle with the Obſervations, which in time 
© may egregiouſly deceive the Altronomer. Moreover, ſeeing 
< the Needle or croſs Threads, do ſtand ſo cloſe to the Eye- 
« Glaſs, and near the Eye of the Obſervator ; I queſtion whe- 
« ther thele Sights, ſo near the Eye, can diſcover the ſmalleſt 
« Stars much more accurately, than our plain Sights, which 
« are diſtant from each other Six or Nine Feet. For, tho by 
<« thele Teleſcopick Sights, one may lee the Object more di- 
« ſtinly ; yer becauſe they are ſo nigh ro the. Eye, one may 
' «err, more than 'tis poſſible by our = Sights, that are (ſo 
« far aſunder; ſo that I ſhall take no farther notice of another 


« Inconvenience, which is, that the Interſection of the Threads 


_ «* ſhall cover the ſmalleſt Stars from your Sight. 
——_ Thus far the Learned Hevelivs, Which ſhews plainly, that 
[ cerzing he had no right apprehenſion of the Nature of theſe Sights. 
. ""* And therefore the beſt way of reconciling him to them, had 
been, fairly to have laid down the Dvioptrica! Reaſons of their 
Performance and Exa&tnels. Upon a right underſtanding 


whereof, 
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whereof, all thoſe Objeftions would be anſwered, and would 
naturally vaniſh. This had been the right Method of pro- 
ceeding amongſt Candid Philoſophers: Whilſt vilifying his In- 
ſtruments, and lighting his Performances with them as no 
better than thoſe in the Age before him, did but exaſperate 
the Noble old Man, and made him adhere more obſtinately 
ro his former Practice. 

That Hevelius did not rightly apprehend the Nature of 'Tz- 
leſcopick Sights, is manifeſt by this Objection which he makes. 
againſt chem, from the ſhortneſs of the Line of Collimation, 
which he imagins no longer, than berween the Eye or Eye- 
Glaſs, and crols Hairs; but is really as long as between the 
Object-Glaſs and croſs Hairs: As fhall be evident from what 
[ ſhall now lay down. 

Wherein I ſhall briefly explain their uſual Fabrick or Con- 
trivance ; their adjuſting to a plain Ruler, Cylindrick, or. 
ſquare Tube; their adjuſting ro Quadrants, Sexrants, and 
other Inſtruments; and the Dioptrick Reaſon. of their Per- 
formance and Exacnels. 

(3-) And firſt, che Fabrick or contrivance of thele Teleſ: Their Fe- 
copick Sights is briefly thus, Tab. 39. Fig. 1. Chooling an Ob- ces: 
ect-glals g c | and convex-Eye-glals o p proper for the lengrh 7905... 
of the Ruler or Tube-gop! which we are to ule. Ler us 
rake care that the Object-glals be pretty well centred (by Chap. r;ue cen- 
4. Sect. 4. of this part ) bur in this particular the eel exact- um of 
nels is not requiſite ( whatever Pere. Cherubin d Orleans may ſay «cy 
to the contrary,” in the ſecond Tome of- his Viſion Parfait. Paris OO 
1681. fol. in his deſcription of Levels. pag. 23,81, 106, 108, 

109, &c. but chicfly pag. 107. wherein che Friar is moſt groſly 
miſtaken) tis ſufficient, if the Glaſs be pretty nigh the matter, 
as uſually moſt Glaſles are, immediately our of che Workmans 
hands. This Object-glaſs and Eye-glals are each to be fixed 
ſtrongly on a braſs Ring in the Ruler ar their proper diſtance. 
And . 
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And exa&ly in the Focus of the Object-glals fm di in an o- 
ther braſs Ring are ſtrain'd the hnelt croſs-Hairs fd, im; This 
Ring is contrived to be moveable to the Right and Left hand, 
towards f, or towards d, and allo ( if the nature of the Inſtru- 
ment, to which we afhx thele Sights, require it) upwards and 
downwards ; and to be ſReadily fixed in any poſture by ſcrews or 
otherwiſe. The Mechanick contrivance where of 1s obvious 
enough, and needs not here be deſcribed, every one pleaſing 
himſelf in his own way. 

By the Do&trine in the firſt part 'ris manifeſt, rhar this Tube 
being thus diſpoſed and preſented betore a Diſtant Object ABC, 
the Picture or [mage of the Object is projected in the Focus of 
the Obje&t-glals f ed; and this Image in the diſtin&t Baſe is ar 
the plain of the Croſs-hairs. Wheretoreall the Rays that com- 
pole this Image, which eſcape, or do not fall on, the Croſs- 
hairs, ſhall arrive at the Eye freely, and diſtin&tly. Bur the 
Points in the Image, which are projected, and fall juſt on the 
Croſs-hairs, are hid by the Crols-hairs from the Eye : and the 
Hairs themſelves appear as if they were really ſtrerch'd upon the 
very Objett. For they are extended in the diſtin&t Bale, which, 
in this kind of Telelcope, is the Locus apparens of the Object, by 
prop. 50. ſchol, Ar the lame cime the Hairs themſelves appear 
very diſtinctly to the Eyeq in the outward Focus of the Eye.glals 
by prop. 32, 3 3- /chol. 

We may then conceive, that there is ſome one Point in the Ob- 
ject, as ſuppole B, which ſending a Cone of Rays on the Ob. 
je&t-glals, rhe Principal Ray of this Cone, or the Axis thereof, at- 
cer paſſing the Object-glaſs, runs parallel in c e to the (ide of the 
Rufer or Tube | p. Wheretore, it the interlc&ion of the Croſs-hairs, 
_ e, without removing or ſtirring the Object-glals in che Tube, 
be brought ro meer with this Line, or to cover this Point B in 
che Object, and be there ſtrongly fixed : Whatever Point, in any 
Object, ſhall hereatrer be found covered by this croſſing of the 
Hairs ; 
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Hairs ; we may. be aſſured chas this line -of Collimation, viz, ' 
che.line from the c Eye /to. this point 18 che © ar. the line 


from this. Interſection e.ro the. point in the runs parallel 
to che. {ide of the Ruler or Tu Eerie the ide of the 
Ruler is direMly pointed cowards harm in the Obje&.  Re- 
ſpect. being RI the Iegvi of the 


In like manner, ſuppoſing the ſides Ke the Tube were in che 
lines D E, F G; andthe Object-glaſs fixed gpon ic in the poſture 
expreſſed in the Figure. We may conceive lome point A in oe 
On ject, che Axis of whoſe Cone of Ra > ag Ly. 

bieck glab,” *runs parallel to the des D E, FG. If Wes 
eve ection of the Crols-hairse, without ſtirring the Object-g laſs 
in che Tube, be broughe hh d, ſo thatit may 7% 
with the line c d, Fry CA int A in the Object, pic 
Ring of the Croſs-hairs be þ -—_ Whatever point in 
jet ſhall hereafter be found covered by this croſſing afche 
the. line from the Interſection of the Hair to hy point.in the 
Object runs parallel co the ſides of the Tube or Ruler DE, 'F'G. 
And therefore we may be ſure, the ſides of cheRuler arc directly 
pointed rowardsthe mark A inthe diſtant Objet.  Reſpedt be- 
ing had to the Rulers Breadrh.... 

For from whateyer poi t on, he 1 inner ſurface of the 9%; 
olals '( how thick Is, , or how il! ſocyer a the 


cd emerges ; no other Ra xy can emery ey are poi, 
 anar 


and fall on the. $ Eh Tae ſide of 
PS SETS A Bin 


any Object ſubrends; char Pp Ho this Ob- 
ject-g Jr's inde ſubrending rhe a c Angle 5 ok 


(4) Wherefore we now BY to ſhew how to find out the {%%''® 
Ray cd, that runs parallel | rothe fide of the Ruler DE; or how pun Re 
0 rectifie the Crols-hairs on a the Ruler. 


Hh And 


\ © 484.4 
And firſt for, adjuſting the Crols-haits at their exa# d4tance 


i" che from the row, 5.6. rhar is, in itsexaf+ Focus. This is eaſily 


and moving, or ſhaking our Eye betore the'Eye-glaſs upwards 
and dowinwvards, or ro one and rother hand, tet us obſerve 
whether the Crols-hairs ſeem to move, or dance, upon the ſaid 
Objet: for if it do, then the Croſs-hairs are not at their exa&# 
diſtance from the Obje&-glaſs ; bur chey muſt be moved farther 
from or nigher tothe Objeftzglaſs; dll che Eye, looking at ſuch 
a diſtant Object, and moving before the Eye-glaſs, perceives 
the Crols-hairs, as it were, fixed and immoveable on the Objecr. 

( Note. "This is the way for exatHy determining the Focal length of 
an Objett-glaſs, to which I have referred in Chap. 4. Sec. 3.) 

If in raiſng the Eye, the Object ſeems to fall dawn on the 
Crols-hairs, or if in depreging the Eye, the Object ſeems to riſe on 
the Croſs-hairs, then are the Croſs-hairs too nigh the Object-glals : 
but if in raiſing the Eye, the Object ſeems to riſe on the Crols- 
hairs; or in depreſſing the Eye, the'Object feems toſink or fall 
on the Crols-hairs; then are the Crofs-hairs too far from the Ob- 
ject-glats. All which will beevidenr from Tab. 39.f. 2. where- 
in let A B be a diſtant Object, -whoſe middle* point C is projec- 
ted by the Object-glals, D atk, Ler m 114 be the Croſs-hairs to9 
nigh the Object-glals and mn 2 the ſame roo far from the Object- 
olals e, f, g, che Eye placed at'three different ſtations. In the 
caſe of the firſt Crol&hairs, if the Eyeri/e from eto f, it per- 
ceives the point k depreſſed from! 1 to A, or if the Eye fall from 
eto 2, it perceives rhe point & raiſed from 1 tol: and here the 
Crols-hairs are too nigh the Object-glaſs. But in caſe of the ſe- 
cond Croſs-hairs ; if theEye riſe from eto f, the point k ſeems to 
riſe on the Crols-hairs from 2.to r; or if the Eye fall from e to 

, It perceives the point k fallen from 2 to 5s: and in this caſe 
the Crols-hairs are too far diſtant from the Object-glals. Bur if 
the Crofs-hairs are exactly in the Focus at k, let the Eye riſe 
or 


performed thus, Letus look at ſome ObjeCt diſtant ” 4 miles ; 
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or fall, - the Crols-hairs leem fixed and ſteddy.on- the Object. 
And this is the, fult rhing-requilice for! adjuſting: theſe = 


T his I have borrowed from my own Sciathericrn Te cum, 


Publiſhed at Dublin. 1686. quarto, AndI hope, -one-maiy be al- 
low'd to tranſcribe from himſelf wichourbeiog called 2 Pligiary 

When this Aﬀair 15- well adjuſted ; we may'-proceed to the 
ſecond Rectification, which conlilts in making the line of ſight, 
mire, or collimation, exactly parallel to. the Sides of the Tube or 
Ruler, to which rhe Telelcopick Sights are tor be adapted; And 
for the: caſter. obtaining of this, we are fuit'ro- be aſcerain'd, 
that even the two jides of the Rulex or Tube are exactly parallel. 


And hereof we may be informed after ns Tab. 39.73% 5% 


Fig. 3. - On an-even. board \drave-thie right! 
AB CD be a Ruler, to-which the Teleſcopick Sghes are: ro be 
fitted, E the Ring carrying the Objecr-glaſs, F rhe Ring'carrying 
the Crolſs-haits, G the Snour yang che Eyc:glaſs. To the 
line B-D apply the ſide'BDof the C, 
the Glaſſes oblerve the;point in an Object diftanr e Or two 
whereon the Crols-hairs fall.” Then remove the Ruler, and ap- 
ply its other {ide-A C tothe line B D, andobſerve wherher the 
Crols-hairs fall on the ſame pointrot the Object, . as before; | If 
they do fo, - then are the fides of the Ruler A'C,'BD, parallel; 
if noz, then! the ſides are nor parallel. ' "The reaſon'that ſo re- 
mote an Object mnt be choſen, is, that the Breadrh of the Ruler 
may ſubtend an-im ible Angle in a circle whole! Radixs is 
the diſtance of che Obyetr"trom the Qbject-glaſs © | | 
Or otherwiſe, | In the plain Board ſtrike eworound braſs-wire 
Pinns. . Suppoſe H, I, which having their rowndreſs from theit 
being drawn, muſt needs have their ſides paxallel./ ''To thee Pins 
apply one and rother fide of the Raler, and obſerve as before.” 
Having thus found, or made the two ſides of the Ruler '(or four 
ſides of the Tube, it need be) parallel; rhe next thing is to 
make the line of Collimation L K parallel to theſe ſides ; or'to 
Hh 2 bring 
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brins the Interſection of the Croſs-hairs e to meet with the Axis 
L K of fome of the Radions Pencils, which Axis, after paſſing 
the Object-glals, runs parallel to theſe Sides. 

To effect this (Tab. 39. f. 4, 5.) we are to raile the plain 
Board A B edgwiſe onthe Board of a window or table CD, fo 
that we may reſt or ſuſtain the Ruler or parallelipiped Tube 
ab cdef g h, on the round Pins i, k: then looking through the 
hole in the end g b dc deſigned for the Eye, let us obſerve the 
point in a far diſtanc Object, which falls exaccly'on che'Interſec- 
tion of the Croſs-hairs. © Afterwards, let us invert che Ruler or 
Tube ( as we haveitin fig. 5. ) making the fide ab cd, which 
in fig.4. was uppermoſt, now undermolt in this fig. 5. by which 
means, the ſide'of the Tube'a dh e; which 'in fre. 4+ was far- 
theſt from the Board,” in fig. 5.'is next the Board. "Then looking 
through the Tube, ler us obſerve, whether the Croſs-hairs fall 
now on the ſame point inthe Object, as in the firſt poſture : If 
they doe agree exactly, then is the le of collimation parallel'ro the 
ſides ab, bg ; if they donut, butfall to the right hand apparent- 
}y of the ſaid point in the Object, then are the Croſs-hairs co be 
removed (by whatever Contrivance they are made moveable) 
rothe Left Hand (the contrary requiring the-cortrary), fothar 
the Tube continuing in this latter poſture, rhe-croſs-Hairs may 
cover a Point in the Obje&t, middle between the Point cover- 
ed in the poſture of Fig. 4. and in the poſture of Fig. 5. at 
the firſt ſight. And thus by frequent Reperitions and Tryals, 
we at laſt bring all __ - -Atter the ſame manner chat we 
have rectified the Line of. Collamation'to- run- parallel to any two 


parallel Sides of the Tube, we may reCtifie it-to a Paralleliſm 
wich-the other ewo parallel Sides of the Tube (ſuppoſing the 
Ring that carries the croſs-Hairs to have all the-Motions re- 

7A to ſuch Rectification), And fo we fix alt ftrongly, 
chiefly che Object-Glaſs and crols-Hairs ; and the Operation is 


complear. 


By 
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By this Method the Line of Sight of any Cylindrick or ſquare 
Tube may be made to run parallel to its Sides, for many Opera- 
tions and Obſervations Mathemarical and Natural : Amongſt 
others, for finding the Declination of the Magnet, accordin 
ro the Methods lately propoſed by Monſ. Hautefeville, _- 
M.Sturmius in the Journal des Scavans, 23.4ug.1683. And in the 
Afta Eruditorum, Lipſue, Ann. 1684. Decemb. And for want 6t. 
this Method; what Monſ. Sturmius fays in the foreſaid AF. 
Lip. pag: 579. is very defeftive.. For thus he, Sola Tubi loca- 
tio, ut Axis Viſtonis per medias Lentes excurrens Meridiane Linex 
exatte reſpondeat, diffcultatis quippiam habere videbatur ; verum G& 
huic infirmitati pr ſens, uti credo, inventum eft Remedium, Cc. 
And the Remedy he tells us is, - That the: Tube be made a 
Parallelipiped 'of Wood or Braſs ; for then, Jays: he, Applying 
the Side'of your Tube to the Meridian Line, the Axis of Vi- 
ſion will be parallel ro the {aid Meridian Line, But with the 
Leave of ſo Great a Man, »1 deny this; unlels. firſt ic be refi- 
fied; fo that this. Axis" runs parallelito the: Side of the! Tube. 
And let us take what care Een ma for-eruly centring 
the ObjeR-Glals, and placing it, the crols-Hairs exactly in 
the Tube; we muſt afcer all re&the theſe Sights by ſome 
ſuch Merhod as 1 have laid down, or clie we may be; egre- 
gioully deceived. And-on this account; "all the Levels and {ns 
ſtruments, to which Pere Cherubin D'Orleans has adapted Telel- 
copick-Sights, and which he has ſo neatly and ſumptuouſly de- 
ſcribed: by curious Schemes,., and a'large Volume; | La. /iſzon 
Parfait. Tome Il, A Paris: 1681. Fol, ares deficient and uſeleſs. 
For he places.che whole Rettification of this Line "of | Collumation 
in the true Centration of 'the-Glaſſes, pag:* 107. And rejects 
the Right Rectification /by moving at. the crols-Hairs as er- 
roneous, pag. 107: But in this the Friar -berrays his Ignorance; 
for tho the true Centration of the Object-Glals be of good Con- 
venjence and Advantage.; yet it does not perfett the wg” vn 
| wichour 


Sturmnis 
Miſtake. 


Cherubins 
Gro/s Er- 


ror. 


[ 238 ] 
without farther Rectification ; as being impoſſible to be ob- 
rained. ro ſufficient accuracy; and theretore we muſt have re- 
courſe ro ſome fuch Method as foregoes. 

[ have hicherco mentioned only two of the fineſt croſs-Hairs 

to be extended as a Men(urator inthe Focus of the Obje-Glaſs : 

Bur for ſome Utes, perhaps the fineſt Silver, or Gold Wire, 'is 

5. 4, beter; as not being diſordered by Feat and: Cold: Or elle, 

end of r9% the Point of rhe ſmalleſt and molt curious Needle, on whoſe 
7" Excremity, the fmalleſt Teleſcopick-Scar may be viſible. 

Couſtry When theſe Teleſcopick Sights are rightly adjuſted in the 

:i5 + Tube," and ftrongly fixt in their:due Poſture by Screws, and 


01*,* all covered over $rom outward Injuries and Accidents, they 


*4 are of all-Sighrs' the moſt conſtane * and” laſting, and the 
leaſt fubje& ro'be difordered : So that,” when one finds the 
Great Hevelias obje&ti ainft chem, their Aptneſs to be ont 
of order, one would 'think the moſt commodions Fabrick of 
them was never explained-co:him; .tho .I am ſure, his Inſtru- 
&tor Mr. Hook was as able, as any inthe World, to inform 

him rightly in this Maner, a 

To Ws (5.) I come now to 'the Retification of theſe Sights on 

Sextants, (Igadrants and Sextants, for taking Angles.” This is done ei- 

* ther" before or after the Diviſions into. Degrees,” Cc. are made 
on.the Limb 'of thie' Quadrant. It 'irbe:done (before, then 

T:b. zz. we ſuppoſe the”Teleſcope T L (Tab. 39. Fig. 6,7.) faxt to 

©'5-57- the Quadrant, which we ſuppoſe continued a lutle farther than 
che Fourch*parr"of a Circle.  Chooling then an Object prer- 
ty near che Horizon; ler us; look» through the Teleſcope, 
in the-uſual Poſture of Obſervarion,- as Fig. 6. agd obſerve the 
Point in theQbjeX'marked by the croſs-Hairs; and ar the ſame - 
time We 'are'to eoetaoSatbyate Poiar c,” which the Plumb- 
Line # &ig;- hung frotn the Centre .f of :the Quadrant,' cuts on 
the Limb.” Then weare to invert the Quadrant into the Po- 
fture of Fig. 7. (which is eaſily done by the uſual Contri- 
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yances for managing great Quadrants, by tooth d Semicircles 
and endleſs Screws) keeping ſtill rhe- Teleſcope T L nighly 
upon the ſame heighe- from the Ground, as before) unleſs che 
Object we look ar, be-ſo far diſtant, ” that the Breadth of the 
Quadrant ſubtends but an-inſenh{ble Angle. Bur yer for cer- 
rainty,” 'tis. better to keep the Telelcape, as 'tis ſaid, upon the 
ſame height from the Floor) ; then dire& the Teleſcope T L, 
that the crols-Hairs may cover exactly che Tame Point in the 
Object, as before in the Poſture of Fig. 6. And hanging now 
the Plumb-Line a fs on the Limb of the Quadrant; let us 
remove it to and fro, till we' find our the exat Point a, 
from which the Plumb-Line being hung, ſhalt moſt nicely 
hang over the Centre'of "the Quadrant f. Fhen carefully 
——_ the Point a, let us divide the Arch c 4 into two equal 
Parts in b; and drawing bf, the Point 6 is the Point from 
which we are to. begin che Diviſions of the Quadrant : And 
the Line of Collmation 'through the Teleſcopick-Sight, ſtands 
exactly at Right Angles to the Line bf. So that the Qua- 
drant b f 4 being compleated and divided, the {aid Line of 
Sight Fright che Teleſcope runs exquiſitely parallel to the 
Lme fd. - | 

In the next place, ſuppoſing the Quadrant 6 f 4 eruly com- 
pleated and divided z and - Ah we  deligned to fix thereto 
the Teleſcopick-Sight T L ; ſo tharrhe-Lme of Sight may run 
exactly at Right Angles ro the Line-bf, or parallel to the 
Line df. We are to do as in the foregoing Praxis. And if 
in dividing the Arch ac, we find its half exactly coincident 
with the Point 6, we have our defire. - Bur if it differ from 
the Point b, and fall between & and d, then. the Line of Col- 
lmation through the Teleſcope ſtands at-an obtuſe Angle with 
the Line bf ; and the Inſtrument errs in exceſs : It this halt 
Arch fall without b and 4, then the Line of Collymation rakes an 


acute Angle with the Line bf ; and the Inftrument errs in 
| defett. 
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defef. And by often Tos, we are to remove the croſs- 
Hairs within the Tube, ſo much, as is requiſite to correct 

this Error. And when we: have thus rectified thera to their 

due place, there cheyare.to be ſtrongly fixt. Or. elſe, in 

Obſervations taken by this Inſtrument, we are to make allowance 

for this Error ; by ſubtrafting from (if it be in exceſs) - or by 

adding to (iF ir be in defe#) each Obſervation: ſo much, as we 
find the Error to be. -—_. 

The reaſon of this Re&tification is moſt plain; for 'ris 
manifeſt; that c f*d ( Fig: 6.) wants of a full Quadrant,. as 
much as af d (Fig. 7.) exceeds a Quadrant. So the difterence 
of the two Arches in the two Poſtures being ac ; half this 
difference bc added in Fig. 6. or a b ſubtrated in Fig. 7. makes 
b.d a compleat Quadrant. 

If we find our Inſtrument err in taking Angles, and we 
defire ro know the Error more nicely, than. perhaps the Divi- 
ſions of the Inſtrument it ſelf will ſhew- it: We-are to do 
thus ; Let us obſerve diligently che Object pointed at, in the 
Poſture the Inſtrumenc diſcovers jts Error ; and the Object 
pointed at when the Inſtrument lies truly,y, Then, with a large 
Teleſcope and Micrometer, (as -is uſed.in. taking the Planers 
Diameters, as ſhall be declared hereafrer, Sec. +7.) : Let us 
rake the Angle ſubrended at the Objet-Glabs. of the Quadrants 
Teleſcope by the length berween theſe ewo Objects, and we 
obtain the Error of our "Inſtrument moſt nicely. Thus for 
Example; Suppoſing (2% ans bf d already accurately 
divided, and thatthe Plumb-Line, Hg..6. plays over the-Point 
c: And upon the Inverſion'of the Inſtrument, Fig. 7. we fiad 
that before we, can"ger it to play exatly: over the Centre. f, 
we muſt hangit, overs the Point e ; ſo that the Arch e b ex- 
ceeds bc by the Arch e a; 'tis plain that the Angle ef a is 
the Error of-the Inſtrument: For had the Plumb-Line hung 
- over 4, and over the Centre f in this latter Poſture, the In- 


ſtrumen 
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ftrument had been exa#; becauſe a is as much on one (ide 
b, as c is on Cother fide 6, Wherefore e f a being the Angle, 
by which our Inſtrument errs in obſervation : Ler us turn the 
Inſtrument into the uſual Poſture of Obſervation, as in Fig. 6. 
- and hanging the Plumb-Line on the Centre f ; ler us bring 
ic to play nicely on the Point e, and obferye what diſtanc 
Object is covered by the croſs-Hairs : Then let us bring ir 
tro play exactly on the Point a, and obſerve likewiſe what 
diſtant Obje&t is pointed at by the Teleſcope Hairs, Laſtly, 
by a large Teleſcope and Micrometer, ler us mealure the An- 
gle berween theſe two Objefs, and we hall have che Angle 
of Error much more nicely, than 'tis poſſible the Angle ef a 
ſhould be given by che Diviſions on the Limb of the Qua- 
drant e a, And thus much for adjulting a Quadrant. 

A Sextant is re&if'd in like manner ; It we conſider (Tab. 
39. Fig.,8.) that if from the Centre f to the beginning of the 
Divitons d there be drawn the Radius f d ; and it be divi- 
ded equally inc; and from c there be ſupended the Plumb- 
Line c b:- When the Plumb-Line hangs over the 6oth De- 
gree at b; then the Line fd lies hotizontal : And conſequently, 
if the Line of Collimation through the Tube be parallel to 
fd, this Line alfo lies horizontal. To try which, Whilſt 
che Sextant ſtands in this Polture, oblerve the Object marked 
by the croſs-Hairs; then invert the Sextant; and over the 
Point b hang the Plumb-Line ; and when trom the Point 6 
the Plumb-Line hangs over the middle Point c, then again is 
the Line f d horizoncal in this Poſture, Mark then, whether 
the crols-Hairs cover tie lame Object as before : lt they do, 
then the Line of Collunation 1s parallel ro f d: It they do nox ; 
bur the Point in_ the Object marked in; this lacter Poſture be 
higher than the Point marked in the firſt Poſture, the Ialtru- 
ment errs ia exceſs; it it be lower, the In{trument errs in de- 
fett, And cichec.we arc to remove the crols-Hairs, till we 
[1 bring 
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bring all to rights, and there fix them : Or by the Methods 
before laid down in the Refification of the Quadrant, we are 
ro find the Quantity of this erroneous Angle, and to allow for 
it in Obſervation. 

In Inſtruments furniſhed with two pair of Teleſcopick- 
Sights, one on a fixt Arm, and tother on a moveable Arm 
(by the Ancients rermed an Alidade) ; 'ris ealte reftifying the 
Sights on the moveable Arm thus : After the _—_ on the frxt 
Arm are re&ifi'd by what foregoes ; bring the Index of the 
moveable Arm to the beginning of the Diviſions on the 
Limb of the Inſtrument, be it Quadrant or Sexrant, ee. 'ris 
then manifeſt, that the Line of Collimation through the mov- 
able Teleſcope (if it be right) ſhould lye parallel co the Line 
of Collimation through the fixt bmw 8 Obſerve there- 


| fore, whether che croſs-Hairs in both Telelcopes do ar the ſame 


time cut the ſame Star, or fall on the ſame Point in an Ob- 
jet diftant three or four Miles. If they do, then the mov- 
able Teleſcope agreeing with the fixt, agd the fixe being 
ſuppoſed refifi d to the Diviſions on the Inſtrument, the mov- 
able 1s right likewiſe, Bur it the Hairs in the movable Telc- 
{cope do not agree in marking the ſame Point with the croſs- 
Hairs in the fixt Teleſcope; then the Hairs in this movable 
Teleſcope are to be removed (by whatever Contrivance there 
i5 for that purpoſe) and brought to rights, and there fixt. 
There are other Methods propounded for reftifying Te- 
leſcopick-Sights on other ſorts of Inſtruments, by means of 
Obſervations towards the Zenith, as our former Methods have 
been imployed rowards the Horizon. But 'tis ſufficient here 
ro lay down only what foregoes, as being of the greateſt 
and moſt frequent uſe : Referring for the others ro M.Picard s 
Treatiſe of the Meaſure of a Degree of a great Circle of the 
Earth ; publiſh'd at the end of Memoirs for a Nature Hiſtory 
of Aumals, &c. By the Academy Royal at Paris; lately tranſlated 
into Engliſh, and printed at London, 1 688, Fol. Before 


Ut 
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Before I quic this Point, it may not be amiſs to intimate 
one Uſe, ro which a plain Ruler furniſhed with Teleſcopick- 
Sights (ſuch as is exprefled Tab. 39 Fig. 3.) may be apply'd; 
and that is, not only for trying the exquiſite ftraitneſs ot either 
of its own Edges, and. paralleliſm of its own two Sides; bur 
alſo, | for the ready Tryal of the ſame in any other Ruler : 
For 'tis bur afhxing (by a little Cement, or otherwiſe) this 
Teleſcopick-Ryler over the Ruler to be: rry'd, and reſting the 
Edge of this latter againſt the Pins H, I, and gently ſliding 
che Edge alongſt thete Pins, and always touching them 
looking all the while through che Teleſcope, obſerve whe- 
ther the crols-Hairs do ſteadily adhere to the ſame Point in an 

jet: For it the Edge of the Ruler have the leaſt irregu- 
lar Crookedneſs, the croſs-Hairs will move from the Poine 
fft obſerved. And this ſhall detect che leaſt Curviry in the 
Edge of a Ruler («ſpecially it che Ruler” be , and the 
Diftance of the Pins be contaderable) that ſhall eſcape the 
moſt exquifite Eye of a Workman. Fhe way of 'trying 
che Paralleliſm of the rwo Sides: of this latter Ruler, is the 
ſame with what foregocs for the Telelcopick-Ruler ir ſelf : 
For when the niger is adjoyned over the other, 
they may both be taken bur as one Ruler with Teleſcope- 
Sights afhx'd. 

(6.) I come now to the laſt ching propoſed 'concetning > 


Tcle(copick-Sights ; and that is, To ſhew the Dioptrick-Rea-1$2"p.% 
fon of their Performance and Exactneſs. Burt herein there/""" 


wilt be lictle requiſite ro be added ro what foregoes, both 
in the: Firſt Part concerning Teleſcopes in general, and to what 
s laid down mn this Chapcer concerning Teleſcopick-Sights. 
'Tis maniteft by Experiments, that the ordinary Power of 
Mans Eye extctds no farther cham pesceiving what ſubtends 
an. Angle of about a Minuce, or ſomething leſs. But when 
an- Eye 1s artacd wich a Teleicope, it may dilcem an Angle 
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leſs than 2 Second. - The Teleſcope thac magnifies diſtin- 
ly the Appearance of . Body, magnihes allo diſtintly che 


| Apppearance of Extenſion, Space, and Motion through this 


Space; lo it the Minute-Hand of a Watch, which can bur juſt 
be percieved ro move, be looked upon with a Magnitying- 
Glals, {we ſhall ſee it give a conſiderable Leap at every 
Stroak: of the Balance. And thus likewiſe the flow diurnal 
Motion:of the Sun or Stars, ' which 1s hardly perceivable by 
the bare Eye, unleſs aflilted by an Inftrument of 'a vaſt Ra- 
dins, 1s moſt -calily perceived through an ordinary Teleſcope 
of 1.8 Inches. long: Inlomuch that we may. determine to the 


- greateſt Niceiy and. Exa&tnels, when a Star paſles juſt over 


the croſs-Hairs, even to the {ingle Bear of a Second-Pendulurmn. 
And lct an ;Obje& in the Heavens riſe never 1o little, the 
Image; in the Diltin&t-Baſe falls correſpondently at the croſs- 
Hairs;z: and the Eye, -' by means of the'Eye-Glaſs, perceives 
this Motion, be it never fo ſmall. Thus ſuppoſe (Tab. 39. 
Figi-13) that a, Star iſe from Bro A, 'the Image falls ar the 
crols-Hays inthe Diſtin& Baſe from e to d ; then by means of 
the Eye-Glalso p, the Space e d is mightily magnified, and con- 
{equently che AngleBe A, equal to e c d by which: the Star 4s 
ren, s made molt ſenſible ro the Eyeq. By whatforegoes in 
he Firſt Part concerning the magnifying of this lort of Telelcope. 

By-chis we may 'perceive, how the Noble Hevelins was 
miſtaken in his Eſtimate of theſe Sights ; when he imagin'd 
the Line of Collimation therein” was no longer than berween the 
croſs-Hairs and Eye-Glaſs: Whereas this Diſtance is not ar all 
to be conhider'd 1n their Performance; the Line of Collimation 
being full as long as the" Diftance berween the Obje-Glals 
and crols-Haus. I am per{waded, had he been reif'd in 
this particular,, he would never have adhered ſo: obſtinately 
to the Uſe of - pla Sights upon his' moſt coftly Inſtruments. 
Tho. 1 nuſt:confcls,': tis difficult. to wean ' a Man from! the 
Ule 
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Uſe of what he has been accuſtomed*to for ſo many Years; 
and upon the Exactaels of which, the Accuracy of all his 


former Labors did depend. 


As to all other Objections: which he makes againſt chem, He ebes 
as that they are caſily diſordered, that the Glaſles are eafily 2»: o- 


vitiated by the Breath of the Obſerver, ec. They are nor”* 
of any the leaſt momenr. For 'tis maniteſt, they may be 
contrived {o, as to be more ſecure, and leſs tubjeSt to Injuries, 
than any other plain Sights whatſoever : And in this parti- 
cular , Teleſcope-Sights are /{o far from . being obnoxious, 
that certainly they are preferable co the belt contrived plain 
Sights; for whar can be more fimple and eahter preſerved, than 
the forementioned ſmall. (bur ſtxong) Braſs Rings defended 
by a Tia or Braſs Tube covering all 2 When once thele are 
adjuſted and fixt, nothing can poſlibly injure them. _'Tis true, 
the Breath of the Obſerver, it putt into the Teleſcope, will 
ſully che Eye-Glaſs ; bur how eaſily, is this avoided > Who is 
it gocs purpoſely to make-a /peaking-Trumpet of a Teleſcope 2 
The other moſt conſiderable Objection againſt their Ule is, 
Thar in dark Nights, at the {maller'Stars, the croſs-Hairs in 
the Teleſcope require a lictle enlightening, or elſe they are iwi- 

le, and cannot be ſeen when the Star juſt applics to them. 
This is ſo_calily remedi'd, by admitting to-them, through 
a {mall opening purpoſely left in the fide of che Tube, / the 
leaſt —R_—_ 'Light of a Lanthora; or by placing». 
Lanthorn a'limle aſide before the Objet-Glaſs; that 'tis not 
worth mentioning as a Difficulty, much lels is it to be made 
an Argument for their utter rejection. As to what he ſays of 
the Hairs being, fo groſs as to. cover the ſma]ler Stars, this 
only relates. ro the Material we employ ; 'and the fineſt Silk- 
Worms Clue will be found ſmall enough. almoſt co biſect 
the {malleſt Stars : If not, let-us ule the fineſt Needle, on whoſe 
{lender Point we may diſtintly receive che moſt minute Star. 
And. 
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+...;., And thus much concerning Teleſcopick-Sights ; from whoſe 
©/c: f application to Mathematick-Inſftruments, Aſtronomy , and 
m4 Geography may expect their utmoſt Advancements. And 
Swhts, . 0 - 
c# even Natural Philoſophy it {lf may. hereby receive the greateſt 
Help, when we contider how Teleſcopes may be apply'd to 
many Experiments therein ; amongſt others, to make the moſt 


nice Hhgrafcope ; and has already been uſed for accurately de- 
rermining the capricious Fariations of the Magnet. Teleſcopick- 
Sights have been already fuccelsiully apply'd ro moſt exquilite 
Levels; wherein Moni; Picard in his Curious Treatile Du N:- 
vellement has prevented any farther Explication : And | doube 
not, bar every Day will find new Uſes for theſe Sights. 
Amongſt others, [I'll | yr_ to: mention my own Teleſcopicks 
Dial already publiſh'd, Amo 1686: A Contrivance, which, 
wichoue Vanity I may fay, has not dilplealed at Hance, and 

has been well received Abroad. 
Adapring © (7.) Fhe next Feleſcopick Inftrument which I ſhall explain, 
cle M- is the Micrometer. Concerning the: Irvention of this Ingenious 
co «7: Inſtrument, I have only this ro: ſay, Thar for the Honour 
' thereof, there are ſeveral Competitors : Monl. Petit, Surveyor 
of the Fortifications in France, was the firlt that: publiſh's co 
the World the rough Draught hereof, 12. Mar.. 1667; Vid, 
Journal des Scavans, 16. May 1667. After hina Monl. Au, 
another Ingenious Frenchman, publiſlid a Tra& concerning 
the exa&t Menfſuration of the Planets Diameters, wherein he 
ſcems to challenge the Invention: of this Inftrumens to himſelf 
and Monl. Picard, Jawrn. des Scavans, 28. Jun. 1667. and 
Philoſoph. Tranſatt. Num.2 1. pag.37 3. Burt laft of all a Candid 
Engliſhnan ot our own, Me. Fgch. Townley, does vindicate 
che firſt Contrivance bercof to its true and original Author, 
Mr. Gafcogne an Englifþ Gentleman, who was killd in King 
. , Charles |. Service, Vid. Philoſoph. Tranſatt. Num. 25. pag, 457. 
of the 2. Wherein Mr, Townley (who: is of undoubted Credic) aflerts, 
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that Mr. Gaſcoigne made and uſed this Inſtrument before the 
Civil Wars in England: And that Mr. Townley had then in his 
Caſtody two .or three of theſe Inſtruments firſt deviſed by 
Mr. Gaſcoigne ; to which Mr. 7 ownley himſdt had added ſome 
conlidecable Improvments. All which, with the gxa&t Fa- 
brick, and ficring of the Body of the Inſtrument to a Tele- 
ſcope, we ſhall. fd accurately deſcribed im Num. 29. p.541. 
Philoſoph. Tranſaft. ro which I ſhall therefore refer the Reader; 
and ſhall hint only ſuch things concezning it 1n this place ; 
2s ra2y be there wanting tor the clearer Inſtruction of the un- 
excerciled Beginner. | 

Firſt cheretore tor a bniet Deſcription thereof (as much as 
is requilre ro maintain the order of our Diſcourſe) ; tis in 
ſhort this. In the Focus of the Obye&t-Glais of a Teleſcope, 
there are placed rwo fine parallel Hairs, or {ſmooth Edges of 
Braſs Plates; theſe are made by Screws to open or cloſe ar 
pleaſure, as wide as the Teleſcope admits. The Turns. of 
theſe Screws are reckond our by proper Indices ; ſo that in: 
opening the Edges of the Micromerer, the Indices do ſhew, 
how many Revolutions of the Screws, and Parts of a Revolu- 
tion are compleated in that Opening, Suppoſe therefore the 
Screws to be of ſo fine a Thread, as to contain 30. Threads 
in an Inch length ; then every Revolution of the Screw opens 
or cloſes the Edges of the Micromerter a thirtiech part of an 
Inch. By one Revolution of the Screw, the Index receives 
one Revolution : Then, the Circumference of the Plate, over 
which the Index moves (as the Hand of a Watch over: the 
Hour-Plate) being divided into 100 Parts ; when the Index- 
moves one of thele Parts, the Screw. moves the Edges a three 
thoulandth' part of an Inch ; (or the one thirty ſix chouſandrh 
part of a Foot ; by which we find how calie 'tis to divide a 
Foot into thirty f1x or forty thouland Parts) And this Motion, 
tho every Minuce,: is made, by the Eye-Glals of the Teleſcope, 
perceivable, The 
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The way of taking ſmall Angles by this Inſtrument is 
thus ; Suppole it were the Diameter of the Moon ; Open the 
Micromerter till the two Edges do juſt claſp or touch the 

- Moons Edges ; then oblerve by the Indices how many Re- 
volutions and parts of a Revolution were compleated to 
this opening ; and by a proper Table (the way of compoſing 

/ which I ſhall ſhew preſently), convert theſe Revolutions and 
Parts into Minutes and Seconds. In like manner, for obſerv- 
ing (mall Angles on the Earth, the Diamerters of the other 
Planets, the Diſtances of Jupiter's Satellits from his Body, or 
the Moons Spots, Cc. 

Bur now for making the Table, Firſt we are to fix the Mi- 
crometer exactly in the Focus of the Object-Glaſs (by the Rules 
before given, Chap. 5. Set. g.) if it be ar very diſtant Ob- 
jects we delign to ule ir: Or otherwile in the reſpettive Fo- 
cus, if it be deſigned for nigh Objefts. We may then com- 
pole the Table rwo manner of ways: The firſt is more eaſe, 
tho not ſo very certain and accurate, yet exact enough for 
'moſt Uſes. Meaſure by Inches and Decimal Parts the Di- 
ſtance berween the Oject-Glaſs and Micromerter, raking in- 
to the Account two Thirds of the Object-Glals's Thicknels : 
Let us ſuppoſe the Diſtance 10 Foor, or 120 Inches, or 
120000 Parts; and we deure ro know what Angle 1s ſhewn 
by the Micrometer, being open 2 Inches, or 2009 Parts. 


72; F,. The Computation is plain (Tab. 35. Fig. 4.) e y=120000, 


fd=2000, then ed=ef=10po0. And As ey: ToRad.:: 

So ed: To Tang: LZeyd=Zeyf=o0o' 28' 38", and there- 
fore £fyd is equal to o' 57 $6: Thea hnding by accu- 
rare Admeaſurement, how many Revolutions of the Screws 
or Tidex, are requiſice to open the Edges 2 Inches ; the ſame 
compleats the Angle o' 57' 16. Suppole therefore 60 Re- 
volutions open the Micrometer '2 Inches; then 60 Reyolu- 


tions ſhew, that the Object, that jult appears through che 
Edges: 
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s at . that opening, ſubtends an Angle of of 57' 16". 
= 30 (viz, half 6 Revolutions give ” z8,, 1 halt 
57 16”, And one Revolution gives an Angle of 57"_16';, 
and the hundredth part of a Revolution gives-34”-+-, And 
thus the Table is compoſed to any Number of Parts and Re- 
volutions requiſite. Bur this Way, dependipg on the exact 
Admeaſurement of the Diſtance- of the ,Micrometet's Edges 
(which can hardly be obtained to ſufficient: Accuracy, unleſs 
we know moſt nicely what Number of Threads in the Screw 
there were in an Inch length; for then we know what Num- 
ber of Revolutions compleat an Inch), 'cis not ſo accurate 
as what follows, which 1s, : 
The ſecond way for compoſing the Table, is this: Having 
fixe the Micrometer at its due Diffance from the Obje&-Glaſs ; 
on the fide of a Wall or Houſe far diſtant mark out two 
conſpicuous Objects, that may both ar ja time be received 
into the Teleſcope : Mealure nicely the diſtance of .thele Ob- 
jets from each other ; and alſo rhe diſtance of cicher, of them 
from the Objet-Glalſs (which we ſuppole directly before the 
Point in the Wall middle between the two Objeds).. And 
by Trigonometry calculate the le, which the diſtance 
berween theſe two Objects ſubrends before the Qbject.Glafs. 
Then looking through the Teleſcope, open the Micrometer, 
rill the rwo Edges thereof exactly meet wich or embrace theſe 
rwo Objects ; and obſerve, how many Revolutions and parts 
of a Revolution are performed in; this opening ; tor-{o many 
complear the Angle before calculated. And having the Re- 
volucions and Parts that compleat any one Angle, we may 
eafily figd all the reſt, as aforelaid. For in theſe lmall Angles, 
the Angles and Revolurions are proportional ; that is, it a cer- 
tain Number of Revolutions give a certain Angle ; balf this Num- 
ber gives balf this Angle ; and the hundredth part of this Num- 
ber gives the huadredths part of 7 Ah CC. 
K In 
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In the firſt Method that 1 — 749 for adapting the Mi- 
crom&er, and compoſing the Table, I have thowed for the 
Object-Glaſſes Thickneſs in mea{uring its diſtance from the 
Micrometer. Bur this Nicety is hardly requiſite ; unleſs ir be 
in ſhort Tubes. For at the Radius of 10 Foot, 1 Inch is 
the Tangent of -28' 38"; and at the Radius of 10 foor + one 
tenth of an Inch, 1 Inch is the Tangent of 28' 37"; fo there 
is but one Second difference; tho we {ſhould err one tenth of 
an Inch in admeafuring che* diftance berween the Object- 
Glaſs and Micromerter. 

I might now mention the Application of a Lattice of fine 
Hairs in the Focus of the Object-Glaſs of a Teleſcope, as 
an help to draw” diftane Objects in PerſpeFive: And of ap- 
plying there a pony conrrived Parallelogram 'for - the ſame 
purpoſe.” But the firſt is obvious enough by the leaſt inti- 
mation thereof ; and the lancer is ſo amply deſcribed by Pere 
Cherubin d'Orleans in his Dioptrique Ocularre ; that 'tis needleſs 
to add any thing farther in this place. 
© I conclude rhis Chapter with a, brief hint of what I have 
found very commodious for many purpoſes; that is ; inſtead 
of the foremenrioned crofs/Hairs, F have often ufed a curious 
piece of clear, thin, flar Glaſs, whereon there are drawn two 
very fine crofs-Lines by the curious Point of a Diamond, 
{maller than the moſt fine Wyre or Hair ; not eafily diſturbed 
by a fleight Touch (unleſs we break the Glaſs), nor alrer- 
able by Hear and Cold. Thus alſo may we make a Lartrice. 


— 
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Caapr. VI 


Of the Invention, Diſcoveries made by, and other 
Applications, of Optick-Glaſſes. 


(1.) Optick-Glaſſes unknown to the Ancients. (2.) Pretended 
Paſſage m Plautuss (3.) 4n other Paſſage im Pliny. 
(4.) Probably invented about 1300. (5.) Friar Bacon's 
Pretence. (6.) Inventers of the Teleſcope. (7.) Optick- 
Glaſſes long known before the Teleſcope. Remark thereax. 
(8.) Celeſtial Diſcoveries by the Teleſcope.  (g.) In the fixt 
Stars. (10.) In Saturn. Examnation of Gallers 
theſis, (v1.) In Jupiter. Motion of bis Satellits diligently 
proſecuted by Caſimi aud F \ Satellits all difap- 
pearing, (12.) Refle&ion an. the Motions of Saturn's and 
Jupiter's Satellits, (13.) In Mars.  (14.) In the' Sun. 
(15.) In Venus and Mercury. Hence the Falfuy of the 

Prolemaick Hypotheſes. (16.) In the Moon. (17.) Pla- 

nets whether inhabited, (18.) Teleſcopes Hſe on Earth. 

(19.) Uſes of the Celeſtial Diſcoveries of the Telefcope. (x0.) Mi- 

crofcopick Diſcoveries and Writers.” (2 1.) Viewing nigh Ob- 

jetts | with a Teleſcope. H/e thereof in Mimature-Painting. 

(22.) Meaſuring Diſtances at one Station by the Teleſcope. 


(1) the Ancients had no knowledg of Optick-Glaſſes, 277.© 
. is moſt evident from their univerſal filence in this »»vv-» 
Mares; Their molt learned and inquifirive Philoſophers make- Ancients: 
ing ne mention, / or the leaſt hint thereof, in cher Wricings. 
And doubtleſs a Contrivance of that univerſal Uſe, benefi- 
cial to all old'Men, both in Reading and Writing, could 
never have been fo concealed, as that not the leaſt Footſteps 

Kk 2 thereof 
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thereof ſhould remain to Poſteriry. The only Reliefs they 
had for thcir decayed Sights were certain Collyria or Eye-Salwves ; 
and when thele fail'd chem, they were lete almoſt in the dark 
for minute and doſe: 0bjetts. 
We hear indeed mighty Stories of Archimedes burning the 
Ships of Marcellns, at a great diſtance from the Walls of 
Syracuſe. Bur whether the Matter of Fa&t be true or falſe 
(as | am very inclinable to believe it falſe), yer- there is no 
mention of his performing this admirable Effet by Oprick- 
| Glaſſes: \Perhaps, if chere were any ſuch thing done ar all 
it was performed by Concave Speculums: And no one denies 
the Ancients the knowledg of Catoptricks. For Archimedes him- 
felf writ. a Book (as 'tis {aid) De Speculis Uſtorits Parabolicis ; 
bur: ir has never yet ſeen the Light. 
# And yet there. ate in the World a fort of Men, fo de- 
voted. to' the paſt Ages, 'that they will not allow any [m- 
-provements of Arts 1n the modern Generation, unknown to 
the Ages ſome Centuries before us. Of this Clats was he, 
(whoever he was) that, rather than the Ancients ſhould be 
.-- ignorant. of Optick-Glaſſes, 'would torge a Paſſage in Plautus 
(which really. is-nor at all to þe found in him), for Confir- 
 rdarian-of his Opinion + 
pretend (2) Pancirollus (who ſurely was too candid a Perſon to 
faze in be the firſt Author: of this Fiction) 'in the Second Book De 
©nnu* Rebus Inventis, Tit. 15. quotes this Paſſage from Plautus, Ceds 
Vitrum, neceſſe eſt Conſpicilio uti: Which, lays he, cannot pol- 
ſibly be meant of any other thing but of the- Glafſes which 
we call Speftacles; And his Commentator Sabnuth takes ſome 
pains to. cite Chriſtianus Becmannus (I ſuppoſe in his Oratio-de 
Barbarie & Superſtitione ſuperiorum Temporum) for clearing this 
Paſſage of Ptantus : Bur yer he is fo hard prefled with it, char 
by no Art, but by main ſtrengeh he breaks through it, and 
lays, That notwithſtanding char Paſſage, yer'certamly Optick- 
Glaſſes are a modern. Iavyention. Whereas 
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Whereas, had he been aware, that that Quotation from Paſge 
Plautus is a mere Fiftion; and thar no ſuch Paflage can be Plantus 
found in all his Writings ; he might eafily have avoided" 
its Force, withour all that ſtir. For ſo we ſhall find it an- 
ſwered in the Lettere Memorabils del Abbate Michele Giuſtiani 
Parte Terza, Let. 16. 

(3.) Another place cited for the Antiquity of Optick-Glaſſes, ra7:;+ i» 
is that of Pliny, Ltb. 7. Cap. 53. Hiſt. Nat. wherein we find © 
the word Specillum. To this Paſſage we have this Anſwer 
in the forementioned Letters of Gmſtiani ; that Specillum can- 
nor poſſibly be here meant of a Spettacle-Glaſs, ſeeing we find 
the Expreſſion, Inunzit Specitlum ; which, fays he, cannot be 
underſtood of Spettacles, which we rather wipe and cleanſe, 
than anoint and greaſe. But this Conſtruftion of the Learned 
Authors is much forced and unnatural: For the plain fenſe of 
thar Paſlage in Þlmy is this, Pliny in that Chaprer is giving 
Inſtances of the ſudden Deaths of many Men; and telling how 
they were ſeized, whilſt they were doing ſo or fo, and wholly 
thoughtleſs of that fatal moment. Amongſt many other 
Examples, he has this; Super omnes C. Julius Medicus dum in- $pecitin 
wngit,. Specillum per Oculum trahens, The meaning whereof <2" 
is no more, than that the Phyſician C. Julius was on a ſudden Prev: 
ſeized by Death, whilſt be was applying ' an Wnguent to his Pa- 
tients Eye, and drawing his. Probe (called Specillum) through tt. 
Whereas, to joyn \nungit and Sprcillum, -{poils the Gramma- 
tical Senſe of the whole, and renders it unintelligible, 

'Tis evident therefore, rhar from neither of theſe Paflages oz«.4- 
can we draw any Argument for the Antiquity of Optick-Glaſſes, bes A 


(4.) Wherefore 'ſecing we muſt neceſſarily allow this In- %j5:n**s 


abou: 


vention due to the Modern = ot the” World ; our next En- 13+-: 
-quiry thall be, Where firſt ro fix it. Bur herein we ſhall hnd 
but faint "Traces to. direct ns. | 


Monſ., Menaze, 


Menage's 
Op140n, 


qpina's 
Pretenſe. 


Another 
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Monſieur Menage a learned and ingenious French-man, in 
his Origin della Lingua Italiana, Geneve, 1685, commenting on 


the Word Occhial: del Galilzi, dilcourles there of the Time of 


the invention of Spefacles : And after _— the known 
Story of Frier Jordan, ( of which more anon) he has this no- 
table Paſlage; That Monſieur du Cange had told the Author 
( Monſeeur Menage) of a Greek Poem, the Manulcripe where- 
of is now in the French King's Library, wherein the Poer, 
who lived 4. 1150, Jelting on.che Phyſicians of choſe Times, 
lays of them to this Purport in French, Qu'ils tatent le Poux, 
&* qu'tls Regardent les Excremens du Malade aver une Verre, That 
they obſerve the Excrements of their Þ atients with a Glaſs. Bur 
Monlſ. Menage is of Opinion, that this was a Tranſparent Glas, 
whelm'd over the Vellel , more for the Relict of their Nolc 
againſt the Stench, than. of their Eyes. 

Bur however we may doybr, of SpeZtacles being fo ancienc 
as 1150. We may thar about the Thutcench 
Century , they were commonly known and uſed, For 
( beſide what we ſhall ſay hereafter of our Councry-man 
Frier Bacon ) the moſt learned Monl. 9 pon in his Recherches 
Curieuſes D' Antique, Diſſert. 16. inſerts a Letter of Signior 
Rediro Paulus Falconerins, concerning the Time when Spefta- 
cles were invented ; and this he faxes berween 1280 and 1311. 
from the Teſtimony of a Manuſcript Chronicle in Latin, in the 
Library of the 'Friers Preachers of St. Katherine at Piſa, Fol. 16. 
Wherein 'tis faid, that Frater Alexander de Spma, Vir modeſtus 
& bonus, quacungue vidit aut audroit fatta, ſcivit & facere. Ocu- 
laria ab aliquo primo fatte, & communicare nolente , ipſe fecit & 
communicavit corde Iylari & wolente. And this Alexander de Spina 
was a Native of Piſa, and dyed there, 4n, 1313, 


- 


Authricy Signior Red; has in his Library a Magulcript written An. 1 299. 


Di Governo della Famiglia de Scandro di. PipozF3o. In which there 
is this Paſſage; Mi truovo coſt Gravoſo di Anni che non arei Va- 
lenza 
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lenza Di Lergere e Scrivere ſeyza Yetri = ip Okials, Treovati 
novellamente per Commodita dells Poreveri Veks, quando affiebolano del 
Vedere. Thus in Engliſh, T find my felf fo preſſed by Age, that I car 
neither read or write without thoſe Glaſſes they call Spectacles, lately 
invented, to the great Advantage of poor Old Men, when their Sizht 

rows weak. 

The Italian Dictionary, de la Cruſca, on the Word Occhiale, x.;.. 1... 
makes this remark, That Frier Jordan de Rrvalto, who dyed %": 4« 
at Piſa, An. 1311, in a Book of Sermons which he writ ag 
At. 1305. tells his Auditory in one of them, that it is-not 
Twenty Years fince the Art of m—_ SpeFtacles was found 
our, and is indeed one of the beſt and moſt neceſſary Inven- 
cons in the World. | 

Abour the ſame time wiz. 1305. Bernard Gordon a famous G:r4en. 
Phyſician of Montpelier, in his Lilum Medicine, thus com- 
mends a certain Eye-Salve : Et eſt tante Virtutis, quod decyepitum 
faceret legere Literas minutas abſque Ocularibus. And An. 136}. 

Guido de Chauliac, in his Book enticuled Grand Chirurgery, after churiac. 
propofing: ſeveral Collyria, faith ; If theſe or the like will nor 
do, you muft make uſe of Speftacles. 

From all which we may be pretcy certain, That Speftacles 
were well known in the 13th. Century, and nor much be- 
fore, Bur who che Happy Man was, char firſt hirt upon this 
tacky Thought, may yer be queſtioned. 'Tis true indecd, if 
we credit the forementioned Chronicle of the Convent ar 
Piſa, Frier Spina makes as fair 'a Challenge to the Invention, 
4s the firſt Ainhor, who refuſed to communicate it. Bur I 
am apt to believe, Thar, whoever this cloſe Man was that 
would nor impart to Spina, He was a Frier; and that theſe 
Monkiſh Men, and Jordan amongſt the reft, had this Inven- 
tion whiſpered amongft themſelves, before it was publick ; 
and thar they all had the Firſt Hint thereof from our Coun- 
try-Man Frier Roger Bacon. 

(5) 
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( 5) That this learned Frier Bacon who Gyed A. 1292, 


NN lyes buryed at Oxford) did pertectly well underſtand all 


ſorts of Optick-Glaſſes, ſhall be plainly made our, from the 
natural and eafie ſenſe of his own Words, in his Book of 
Perſpeflive : Whereby we ſhall hind, that he nor only un- 
deritood the Effe&ts of ſingle Convex and Concave-Glaſſes; but 
knew likewiſe the way ot combming them, ſo as ro compole 
ſome ſuch. Inſtrument as our Teleſcope. This perhaps will 
be looked upon as a Great Paradox, and as great Parriality in 
an Engliſh Author to his Country-Man ; elpecially confider- 
ing, how univerſally the contrary has prevail'd ; the Votes of 
molt learned Men having conferr'd the Honor of this Inven- 
tion on other Pretenders. Bur if, from the unconſtrain'd Words 
of his Books, we plainly make out this Afſertion, I hope the 
Attempt may not be counted unreaſonable or partial. 

And Firſt in his Book of Perſpettive Part III. Dif. 2. C. 3. 
he has thele Words ; Si vero Corpora non ſunt plana ( having 
treated of them before) per gue Viſus videt, ſed ſpherica; tunc 

magna Diverſitas, nam vel Concavitas Corporis eſt verſus oculum 
ws | SES pe By which 'tis manuteſt, 9 nk what 
a.Concave and Convex-Glaſs was. Moreover, in the ſame Place 
Dif. ult. he proceeds thus ; De Yiſroe fratla majora ſunt, nam 
de facili patet, maxima poſſe apparere minima, & & contra; & 
longe diftantia videbuntur propmquiſſime, & e converſo: Sic etiam 
faceremus Solem & Lunam & Stellas deſcendere ſecundum Apparen- 
tiam hic inferius, &c, Thus in Engliſh, Greater Wonders than all 
theſe are performed by refratted Viſion ; For thereby, "tis eaſily made 
appear, that the Greateſt Object may be repreſented as very lutle, and 
contrarily ; And ſo likewiſe, the moſt diftant Objeits as Juſt at hand, 
and contrarily. Hereby alſo may we bring the Sun and Moon and 
Stars down bere below in Appearance, &c. This, I think, is fo 
expre(s in the Point, that it leaves no room to doubt, bur 


that he had ſome admirable Secret in Optick Glaſſes, Add 


ro 
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to this what he has in his Epiſtle a4 Pariſtenſem, of the 
Secrets of Art and Nature, Cap. 5. Poſſunt etiam ſic fixurari 
Perſpicua, ut lone1ſſime poſata appareant propmquiſjima, > e contra- 


; lia quod ex incredibilt Diſtantia legeremus literas minutiſſi- 
mas, & numeraremus Res quantumcunque parvas, G& ſtellas f ace- 
remus apparere quo vellemus. Glaſſes or Diaphanous Bodies, 
lays he, may be ſo formed, that the moſt remote Objetts may ap- 
pear as juſt at hand, and contrarily; So that we may read the 
ſmalleſt Letters at an mcredible Diſtance, and may number things 
though never ſo ſmall, and may make the Stars appear as near as 
we pleaſe. 

And chat theſe Things may not ſeem mcredible of this Great 
Man ; who, in that dark, ignorant Age could be maſter of 
theſe admirable Inventions ; I ſhall refer the Reader, for a 
more compleat Account of him, to Ant. a Wood Fiſt. 29+ 4n- 
tiquit. Univerſit. Oxonienſis, Lib. 1. Pag. 136. and to Dr. Plott's 
Nat. Hiſt. of Oxfordſhire, Cap. 9. Sect. 2, 3, &c. and Sect. 39, 
40, 41. Where we may find, how he was' perſecuted by the 
ignorant malicious Friers of his Order, as practiſing Magick 
and Necromancy : for which they caſt him into Priſon, and 
there detain'd him for a long time, ſome ſay to his Death, 
in the 78th. Year of his Age. There we ſhall find, how he 
was the firſt Promoter of the Emendation of the Calendar. 
compleared afterwards in the Time of Pope Gregory 1I, 


FIO ; 


But above all, his Pretenle to the firſt Invention of Gunpowder Bacon in- 
ſeems as well founded, as poſlible, on this Pegs in his E- gue 
ore Barthold. 


piſtola ad Pariſienſem, Cap. 6. (a Hundred years be 


Swartz, lived ) In omnem Diſtantiam quam wvolumus , paſſumus 
artificialiter componere Ignem comburentem, ex ſale Petre & Alis ; 
(Theſe Alia, in another Manuſcript Copy, are, Sulfur & 
Carbonum Pulvis) And ſoon after he adds, Prater hc (4. e. 
Combuſtionem) ſunt alia ſtupends Nature, nam ſoni velut To- 
nitrus & Coruſcationes poſſunt fieri in Aere, imo majore Horrove 

quam 
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quam illa que fiunt per Naturam : Nam modica materia adapta, ſe. ad 
Quantitatem unins Pollicts, ſonum facit horribilem, & Coruſcation-m 
oftendit wiolentem, © hoc fit multis modis, quibus Ctvitas aut Ex- 
ercitus deſtruatur., : Ione exſiliente cum Fragore meſtimabili, Mira 
hec ſunt, fi quis ſciret uti, im debita Quantitate & Materia, By 
which laſt Paſſage we may guels, he had not the way of ap- 
lying it to a Gun; though 'tis manitelt, he was ſenſible 
that She ſuch Uſe might be made of it. Bur the particular 
Manner did not offer it (elf ro him at firſt. 
| Confeſs, I have not by me at this time the Originals, 
from whence theſe Paſſages are quoted ; the preſcar Diltracti- 
ons of our miſerable Country having ſeparated me and my 
Books; and the Place, where I am, aftords not the Copies : 
Therefore, if in theſe Quotations [ am any wile miſtaken , 1 
mult not be blamed, acknowledging that I have them at ſecond 


| hand from the forenamed Authors. 


Bur to return to our Optick-Glaſſes. 'Tis evident that Bacw1 
was acquainted with them; and probably knew how to ad- 
apt them in a Teleſcope. Bur the long and cloſe Imprilonment 
he ſuffer'd before his Death ( for tis ſaid no one was per- 
mired to ſpeak to him; and that all his Wricings, Books and 
Inſtruments were ſeized and burnt ; except only thoſe few 
Fragments of his which we have ſaved accidentally ) was the 
Reaſon, that we have no farther Advancements of his in this 
kind transmitred to Poſterity. Bur 'tis very probable thar the 
uſe of ſingle Glaſſes in Spettacles, as being an Invention of 
immediate Advantage to Human Life, and in it ſelf very eaſic 
and ſimple , might therefore be preſently catched at by the 
World, and put into Practice: Whilſt his other more curi- 
ous Combinations of Glaſles might be loſt and forgor. 
And this I am the more inclinable ro believe ; Firlt, becauſe 
Frier Bacon's Time agrees lo well with Frier Jordan's foreci- 


red Teſtimony 4n. 1305. That it was not then twenty 
| years 
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years ſince the Invention of Spe&acles: And ſecondly, becauſe 
we find this fort of Monkiſh Men firſt take notice of the In- 
vention, before all other Men ; which ſhews, they had it 
delivered amongſt themſelves only, for a while before others. 

(6.) And thus much conc erning Frier Bacon's Pretenſe. But (6.) Wore 
that I may not ſeem altogether partial, I ſhall here add the 7,5:.wrs 


——  - 


of the Te- 
leiCO|c. 


Opinions of others, concerning Other Inventors of the Teleſcope. 
For I find no other Pretenders to the Invention of fingle 
Convex and Concave Glaſles, bur the forenamed. PBorellus has 
written a ſmall Tract purpoſely on this Subject, De vero Tele- 
ſeopii Inventore : Wherein, Cap. 12. he ſeems to give the [n- 
vention to Zacharias Foannides of Middleburg in Zeland, An. po 
1590. Another Candidate for this Diſcovery, he names Jo-* | 
hannes Lipperboy, or La Prey, - An. 1609. A Dutchman allo, jo.Lipper- 
whom Surturus calls Lipperſem. Adrianus Metius Mathemartick 7 
Profeſſor at Franequer ſays, his Brother Jacobus Metius of Alk- 1. Mctius 
maer was certainly the ff [Inventor of the Teleſcope. And if 
we believe the Italians, we {ſhall have the Honour of inventing 
this Inſtrument conferr'd on the incomparable Galileo. But he 
himſelf in his Nuncics ſidereus contelles, that the firſt Intima- 
tion he received of this [n{trument, was, that a Dutchman had 
then lately made one ; which fer him ( Galileo ) upon the 
thought how to effect it ; which, he ſays, he ſucceſsfully dit- 
coverd by the conſideration of Refrattion, and found that a 
Concave and a Convex Glaſs rightly adzpred would pertorm 
what he only heard in general of the Dutch Invention. 

But certainly the firlt Publick notice of this Contrivance 
came from ſome of the forementioned Dutchmen ( for Frier 
Bacon's Hint mentions not the particular Combination of the 
Glaſſes) and therefore the Inſtrument is deſervedly called Ti- 
bus Batavus, Though we mult contels at the ſame time, that 
Galileo, An. 1610. ( fee his Nuxcins ſidereus ) did firlt apply 
this curious Inſtrument to Celeſtial Oblervations; and had then 

LI 2 made 
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made ſuch wonderful Diſcoveries in the Heavens thereby, rhat 
all his Philoſophick Succeſlors have ever ſince attempted to 
climb higher , by lengthening their Ladders, and advancing 
this Inſtrument! by many Degrees. However I-muſt not 

Bzytiſta here conceal the Pretenle of Baptiſta Porta, who, in his Mazia 

OAT Naturalis, Lib. 17. Cap. 10. Printed An. 1 5 89. has thele Words, 
Si utramque ( Lentem ſc. Concavam & Convexam) refte componere 
noveris, & longingua C& proxima, majors: © clara videbis, Bur 
Porta's Character is lo well known, that we may eaſily ima- 
gine, he had got this Hint from Holland. 

Fontan. Franciſcus Fontana a Neapolitan, in his Obſervationes celeſtium 
terreſtriumque rerum, contends that he himlelt 4x. 1608. firlt in- 
vented the Teleſcope, compoled of a Convex Objet-Glaſs and Con- 
vex Eye-Glaſs: For the Tubus Batavus, and Galileo s Tube was 
furniſh'd with a Concave Eye-Glaſs; and Fontana confelles, it 
was before his ; and that 4. 1618. he firſt invented the dou- 

Rh-itn. ble Microſcope. Rheita in his Oculus Enoch & Elie, Lib. 4. 
rowards the end, pretends to be the frlt Diſcoverer of the 
erefting Teleſcope of three Convex Eye-Glaſles, as alſo of the 
Teleſcope for looking with both Eyes, called Teleſcopium binocu- 
lum : Of which latter, - Cherubn has. wric his whole Volume, 
La Viſion parfait, G&c. 

+.) 297: (7.) Thus we ſce, how long the Ule ot fingle Optick Glaſ- 

trckh Od” . 

{es img, ſes was common in the World ( even about 300 years) be- 

kun *” fore Me1 tightly underſtood! their due Application, in the 

Teleſeepe- Compolicion of this admirable Inſtrument. - They had them 
in thar hands, they look'd through them, now a Convex, 
then a Concave, and admired their Effects, and the Help 
they gave to diſorder'd Eyes: | but ſtill were ignorant of the 
valt Advantage the moſt acute Eye might receive by them , 
even to the Increaſe of its Power, ſome Thoulands of Degrees 
beyond its natural Abilities This was reſerved for ſome lucky 
Chance in a future Age, to be dilcovered by him that as 

r 
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firſt be ſo fortunate, as to adapt theſe Glaſtes at their due 
Diſtance : for to ſome ſuch happy Hitt, I imagine the Inven- 
tion is due ; and not to any profound Thought on the na- 
ture and properties of Glaſſes, that firlt (uggelted the Contri- 
Vance to the Dutch Mechanick, that was its Author. 


emark 

And this does naturally ſuggeſt a Thought to us, of ſome 15rem 

incouragements in natural Enquiries, by the method of expe- Diſcore- 

rimental Philoſophy ; that perhaps we are every day ingaged a- ;,med;- 
ately 


monglt lome particular Things, which we commonly lee, han- 
dle, uſe, and are converlant wich z and which have in them 
ſome latent, hidden Properties, which, upon a right Application, 
( to be diſcovered perhaps by lome lucky Hict ) may be ofthe 


moſt uſetul and ſurpriſing Effects. And that therefore, we. 


| ſhould nor deſpair of making the greateſt Diſcoveries about e- 
ven the meaneſt Things. Who could expect to ſee ſuch Wonders 
from an cafie Compoſition of three ſuch plain, ſimple Bodies, 
Niter, Sulfur, and Charcole, as we daily fee from Gunpowder ? 
And the Property of the Magnets drawing lron was common- 
ly known many generations, before it was ſo happily apply- 
ed ro guiding a Ship : Who could have thought , by looking 
upon that dark unpromiting ſtone, that future Ages ſhould ule 
it to. ſuch a ſtupeadous and advantageous a Purpoſe ,* far ex- 
ceeding the Virtues of the molt illuſtrious Gemms? Hence may 
we learn, not to delpile the Products of Nature, even of the 
meaneſt Appearance. And let us not ſay, that any Diſcovery 
is uſeleſs, os we know not what Time and Poſteriry may 
produce from the fimpleſt Truth, And this naturally leads 
me to the diſcoveries made by Optick Glaſles. 

(8.) Galileo ( as 15 noted betore ) is deſervedly reputed the 


firſt, was ſurprized and ſtruck wich wonder, to (ee four. little 
Moons dancing round Jupiter, that from their firlt Creation 
ro 


known. 


($.) Cele- 
* . _ : ſftaal ile 
firſt that raiſed up this Gigantick Inſtrument, that ventures to cverierof 


: 5 { lclc- 
climb Heaven and from thence brings down the Stars. He ſcope. - 
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to the lucky Moment- when he firſt diſcovered them, had 
never ſtruck the eye of any mortal Inhabitant of this Globe. 
Were theſe then made for the H/e of poor Man, from whoſe 
Knowledg they were concealed for 5000 years together ? Vain 
_ Man !- that thus preſumes to confine the Deſigns of the Almizh- 
ty Creator to miſerable Duſt and Aſhes ;. when his infmite Power 
can make Millions of intelligent Bemgs, and all intelligent atf- 
ter different ways, to ſerve and praiſe him: And thele perhaps 
Wrierver are the Inhabitants of theſe diſtant Worlds, and of thole again 
of r infinitely extended beyond theſe. 'Tis true indeed, now thele 
Mam little Planets arediſcovered, we have happily applyed them to 
an advantageous purpoſe ( as ſhall be ſhew'd hereafter) Bur 
this we are to eſteem as a particular Benefic of Providence to 
theſe latter Generations ; and reſpects nor all the general Race 
of Mankind, that lived and were buhte for 5000 years together ; 
and knew nothing of chem. Bur in this ſtupendous Enquiry 

| ſtop, as not being able ro reach it with the longeſt Teleſcope. 
To keep therefore to our Subject : I ſhall rake the Hea- 
vens in order, as they lie ; conſidering firſt the uppermoſt, and 
ſo deſcend down to our Earth, and ſhall briefly declare the D/- 
coveries made. in each, and (as far as I can atrain it ) by 
whom and when ; with farther References to thoſe Authors , 

where each particular may be found more tully created of. 
©)» tbe (g.) And Firſt, for the Fixt Stars : That whitiſh Band or 
1x1%"* Zone, the Galaxia or milky Way, that fo irregularly incom- 
palles a great ſcope in the Heavens, and of which the Ancients 
could give no tolerable Account, is found by the Teleſcope 
ro be no other, than an heap of very minute Stars thickly ter 
rogether ; which, by their great Diſtance, Smalneſs and Clole- 
nels, appear to the naked Eye, as one united whitiſh Cloud. 
In like manner, the Nebuloſa Orionis, Preſepe Cancri, ec. are 
found to be a Congeries ot ſmall Stars clofely ſer rogerher , 
bur eaſily diſtinguithable by the Teleſcope. "The Pleiades or 


ſeven” 
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ſeven Stars (tho (ſcarce more than fix appear) are found b 
an ordinary Glaſs to be nigh forty. And in the fingle Con- 
ſellation of Orion, the Teleſcope diſcovers more Stars than the 
naked Eye can number in all the Heavens. On this Account, 
the Seed of Abraham, that was to be made numerous as the Stars 
in the Firmament, may yet (for ought we know ) admit of 
Propagations through many furure Generations, before it comes 
up to its Limits. And the number, which Archimedes demon- 
ſtrated greater than that of the Grains of Sand compoling this 
Globe of Earth, may perhaps fall ſhort of the Stars in the 
Heavens : For hardly any Corner of the Firmament fo dark ; 
Bur the Teleſcope, turn'd towards it, deſcries Multicudes of 
glittering Spangles therein, 

(10.) From the fixt Stars let us contra&t our Proſpect, and (15) 1» 
in a vaſt, long, and almoſt immenſe Courſe homewards, we ***" | 
firſt meer with Saturn. By his flow Motion he takes State np- 
on him, as carrying about him ſomething more weighty than 
ordinary. Bur the ſhort fight percieves nothing thereof, and. 
ſees only a plain round Globe, as the reſt of the Chorus dan- 
cing round the Sun. All his Equipage and Attendants are hid 
from our View, 'till ſurveyed more Tolely by the Teleſcope : 
And. then behold a mighty Ring parallel ro the Equator , 
bright as the Planets own Face, encompaſſing round his Bo- | 
. dy; very thin, and ſeparated in all Appearance on all ſides 

from his Globe : ſomerimes appearing broader, ſometimes nar- | 
' rower, and fometimes almoſt vaniſhing ; then again return- | 
ing by a regular Period, and reſuming by Degrees its former | 
Shape ; which again by degrees it lootes according to his own | | 
Periodical Motion. Burt this is not all his Equipage, for be- ! > 
ſides this Throne of Light, this Majeſtick Planer is conſtancly 
attended by a Guard ot frve Satellits, that follow his Motion | 
2nd dance round him continually in a Circle. ; | 


_— 
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Galileo was the firſt that obſerved any thing extraordinary M1 
Saturns Appearance An. 1610.. Ofob. as he tells us in ſome 
of his Italian Letters : But his Glaſſes were too ſhort to give 


the true Shape of this Planer. All that he delcry'd was fome- 


thing appendent on each fide of him, which- he took to be 


two Globes much leſs than Saturns own Body; and therefore 


he firſt publiſh'd ( and at the ſame time conceal'd ) this Dil: 
covery, by tranſpoſing the Letters of this Sentence, altiſomum 
Planetam tergeminum 05ſervavi. But when the Teleſcope was 


better advanced, { as what Invention is it, that receives not 


Advancements in Time? ) che true and genuine Appearance 


of Saturn began to ſhe ic ſelf, and its regular Changes were 


taken notice of, But though ſeveral Authors writ Treartiſes of 
this ſurpriſing Appearance, and particularly the celebrated He- 
velins (de nativa Saturni facie) Fodierna, &c. yet all their Obſerva- 
tions were imperfect and deficient; and chiefly for want of ex- 


cellent Glafſes : Till the incomparable Chriſt. Hugenus has put 
the laſt hand to this Afﬀair ; and in his ingemious Treatiſe, Syſ/te- 


ma Saturnium, Hag. Comit. 1 659. 4*. has publiſh to the World 
a compleat Hiſtory of all Obſervations of this Planers Appear- 
ances with a moſt ingenious Theory for their Explication. In 
the beginning of the year 1655. his excellent Perſon firlt diſco- 
vered the biggeſt of Saturns Satellits with a Teleſcope of 1 2 feet, 
charged with an Eye-Glals of 3 Inches ; afterwards, 4n. 1656. 
he doubled that Length, retaining the ſame Eye-Glaſs. The 
Satellit he diſcover'd, 1s the Foxrth trom Saturn ; and in the fore- 
named Treatiſe, he gives us the Epoche and Tables of its Mo- ' 
tion; But our moſt ingenious Countryman, Mr. Halley, de- 
ſervedly celebrated for his Aſtronomical Labours, diſcovered 
in the year 1682. that Hugenius's Numbers were conſiderably 
Tun out ; and therefore he ſer himſelt to corre&t the Period 
of this Satellit, which he has done accordingly, Num. 145. 
Pag. 82, Philofoph. Tranſat, And in Num. 187. Pag. 299. 


we 
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we ſhall find Monſ. Caſs Tables of the Motions of all Saturns 
Satellites, rogether with their diſtances from Saturn correlpon- 

dent to their Periodical Times : Of which more hereafter. 

The other four Satellites were all diſcovered by Mon. Caſ- Sts 

ſmiin the Order following. The third and hitch were firlt ſeen ries abous 
by him, 4s. 1671, 72 and 73. by a 17 Foot Glaſs of Campani, _—_ 
and 36 Foot Glaſs of Divizi, and by. ſuch another of Borells. 
An Account whereof may be ſeen at large in Num. 92. of the 
Philoſoph. Tranſaft. But the innermoſt or firſt, and the ſecond 
were not ſeen by him till the year 1684. at which time, ha- 
ving procured Glaſles of an extraordinary length, as 80, 100, 
150 and 200 Feet; the vaſt diſtance and {malnels of thele 
Planets could' no longer conceal chem from his fight. Yid. 
Philoſoph. Tranſat. Num. 181. 

Thelaſt ching I ſhall cake notice of,relating to this Planet, 1s, Exams 
That Monl. Galtet, Provoſt of S. Symphorian at 4vignon,in the year Ges o 
1684. has advanced an Hypotheſis tor ſolving its Appearances ; 7m 
which, as it relates to the Teleſcope, may ptoperly be here con- 
ſidered. I ſhall therefore briefly propoſe | 46 of the chiet dith- 
culties, that ſeem to atreng this Theory : And that I may noc 
be prolix, I ſhall ſuppoſe the Reader acquainted with what 
Monl. Gallet lays down in the Journal des Scavans, An. 1684. 

May 15. & June 12. and in Latin in the Aa Lipſue, 4n. 1684. 
Septemb. Pag. 431. 

Firſt therefore, he ſuppoſes Saturn and the other Planets , 
except the Moon, polite Globes, reflecting the Image of the 
Sun as a Convex Speculum. Which ſeems not at all to be 
founded on more than mere Conjefture: For we have no Rea- 
ſon to think them different in this particular from the Moon ; 
which is found of a rugged uneven Surface. 42 

Bur ſecondly, granting that they . ( and eſpecially Saturn ) 
may be polite Spheres, ( for we will not conhine the infinite Va- 
riety of che Creation;) and granting that Saturn reflects rwo 
M m ſorts 
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in its diſtinct Baſe, the Repreſentation of this Image 0 
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© ſorts of Light ; one whereby his whole Body becomes viſible ; 


and the other the bright Image of che Sun from his Convex 
Surface; as we ſce a Convex Speculum is it ſelf viſible, by the 
Rays it refles diſorderly from its whole Surface ; ( which 
ſo far partakes of a little Roughneſs ) and at the ſame time 
reflefts a bright and orderly Image of the Sun, from one cer- 
rain part of this Surface to the _ rightly poſited : Yer this 
bright Image of the Sun, which is reffefted from Saturn , * 
( how far = Saturn be removed) can never be projected 

by an Obje&-Glaſs, in its diſtinct Baſe, greater than the Pro- 


jection of the whole _— of Saturn in the ſame diſtin 


Baſe. And yet (if I miſtake not) this+is the Foundation of 
Monſ. Gallet's Theory. This is ſo evident ro any one the 
leaſt verſed in Dioptricks and Catoptricks , that 'tis needleſs to 
inſiſt upon it any longer. We may make a convincing Expe- 
riment hereof : Expoſe a reflecting Convex-Speculum before 
the Sun, and by a Convex-Glaſs projet the Image of this 
Speculum on a Paper in a dark Room : we ſhall there ſee 
the Repreſentation of the Speculum it ſelf, and of the bright 1- 
mage of the Sun on the Speculum. And indeed by the leaſt 
Conſideration of the matter, it will be evident to us, that 'ris 
impoſſible it ſhould be otherwiſe: For the little Image of the 
Sun, reflefted from the Convex Speculum, poflefles but a ve- 
ry ſmall part of the Speculum's Surface ; and therefore cannot 
poſſibly be projefted, by the Objet-Glals in its diſtin& Bale, 
greater than the Projection of the Convex 'Speculim itlelf. 
The ſame may we conceive of Satarn, by ſuppoſing him a 
Convex, polite, reflecting Speculum ; for though he ſhould 
then, beſides the Figure of his own Body, reflect the bright 
Image of the Sun, from a ſmall part of his Spherick carfice 
on the Obje&-Glaſs ; yer the Object-Glaſs could never project, 
the 

Sun greater than the Repreſentation of the whole Body of 
Saturn, 
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Saturn. And, notwithſtanding the Evidence hereof, Monſ. Gal- 
let affirms, the Appearance ot Saturns Ring or Anſ# proceed to 
from hence ; that che Object-Glats projects, in its difin® Bale, 
the repreſentation of the bright Image of the Sun, reflected 
from Saturn's Convex polite Surface, greater than (or clearly with- 
out ) the Repreſentation of his Body itſelf. 

Thirdly, Monl. Gallet affirms, that the Reaſon why Jupiter, 
Mars, &«c. are not projected by an Object-Glaſs, in irs di- 
ſtin& Baſe, with a Ring or Av/.e, is becauſe theſe Planers are 
nearer to us than Saturn: And therefore in the Projection of 
Jupiter, the bright Image of che Sun reflected from ics polite 
Surface, is repreſented by the Obje&t-Glaſs in ics diſtin&t Bale, 
equal ro the Repreſentation of Jupiters whole Body; in the 
Projection of Mars it is leſs, &c. But the Diſtance of theſe 
Planers (evenof the nigheſt) is ſo very great, ( and as it were 
infinite ) in reſpect of the {mall Breadth of an Object-Glals ; 
that in compariſon to this ſmall breadth of an Obje&-Glals, 
we can make no difference between the Diſtance of Saturn 
and even Mercury, 

Laſtly, the Experiments, on which Mon. Gallet founds his 
whole Hypotheſis, leems not. at all trocconfirm, or in the leaſt 
wiſe to reſpe&t what he builds thereon. The Phanomenon 
ariſing from refle&ting the Sun-Beams by an Objec-Glals on 
a Wall pofited obliquely, proceeds from the Object-Glals being 
conſider d as a Concave Reflefting Speculum, having allo ano- 
ther Surface either Plain or Convex beſides the Concave, (as 
| have noted before, Chap. 4. Sec. 4. ) and yer he ſuperſtructs 
hereon a Theory, tor explaining the Appearances of Convex 
Polite Surfaces, ſuch as he makes the Planers. This will be 


maniteſt by Tab. 40. Fig. 4. wherein, tor caſe ſake, we take a 7.45 F4. 


Plano-Convex Glals a bc, and expoling ts plain fide ae c oblique- 
ly to the Suns _ de,de,de, (ome of them ſhall be reflected 
by the plain Surface aec into ef, e f,ef ; but others of them 
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entring the Glaſs run on in e 4, ez, ei, (we do not here con- 
ſider the Retraction they ſuffer) and ſo falling on the Con- 
cave Surface aibic (tor fo Tl call it) are reflefted by it, ac- 
cording to the Laws of Spherick Catoptricks : But the RefleCti- 
ons of thele immerged Rays I have not expreſled, for avoid- 
ing Confuſion in the Scheme, I acknowledge, the Phyſical 
Caule of this latter Reflection, from the Surface of the Glaſs 
aibic, 1s perhaps not to be accounted for by Human Un- 
derſtanding ; bur the matter of Fact is certain, One ſhould 
think, when the Rays are arrived at the extreme Points 
;,1, 1, of the hindmoſt Surtace of the Glaſs, they ſhould, with- 
out any of them being reflected at all, emerge from the Glaſs : 
Bur 'tis manifeſt ſome of them are refletted, and that too, juſt 
in the ſame manner, as it the Surface aibic were a Polite, 
” Opake, Concave Supface ; and not covered by the Surface 
a ec. They that deſire to enquire farther into the natural Cauſe 
hereof, may conſult Grimaldi Phyſico- Matheſis de Lumine &: Co- 
loribus, 'Bonon. 1665: 4'. 

'Tis then bythe Reflection from this Concave Surface ai bi c, 
(give me leave ſotocall it) that the ſimilicude of Saturns Anſ.c 
are repreſented in Gallets Experiment ; and by the Reflection 
from the Plain Surtace ae ec, that the Similitude of his Body 
is repreſented in the ſaid Experiment. And how this can be 
accommodated to the Refle&tion, which Saturn himſelf makes 
from his own Body, and to his Appearance through a Tele- 
{cope, I confels I cannot apprehend. Moreover Gallet's Hy- 
pothelis gives no Account of the two dark Spaces on each fide 
the Glob: of Saturn, between his Body and the Anſe. For 
the Experiment, on which he founds his Fancy, ſhews no ſuch 
Diſtinction; all being inlightened therein: As will be viſible 
to thole ſhall try it. 

"T were too tedious in this Place to conſider particularly 
Monl. Gallet's Scheme, and his Particular Syſtem of Saturn ; 
which 


juſt perceived them with one of, 15 Inches. Burt ro make ex- | 
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- which might eaſily be ſhewn defective. Bur thus much [ 


thought requiſite to ſay in this Place ; becaule the Theory he 
propoſes is of a Dioptrical Conſideration : Becauſe it has ne- 
ver yet been taken notice of by any other: And becauſe he 
advances it in Oppoſition ro Monl. Hugens Syſtem, which car- 
ries with it ſo much Probability. | 

(11.) Jupiter next preſents himlelt leſs incumbred than Sa-/11) th 
turn, yet not wanting a Courtly Train ; For tho his GuardsJvwiter: 
are but four in number, yet their ſize and brightneſs ſhew 
their Strength, and their quick Motion round him ſhews their 
Diligence. 

Galileo was certainly the firſt Inhabitane of this Globe, 0,1... 
that ever ſaw theſe Satellites, Jan. 7, 1610. And from that 
Moment to 'this, no more could ever be diſcovered about 
him : Though Vanity and defire of being the Author of ſome 
Novelty, made Frier Ant.>de Rheita proceed (o far, as to write rica. 
a Tract of 5 more Sarellits (g in all) about Jupiter. Bur 
Hevelius, in the fourth Chap. of his Selenography, has demon- 
trated the Frier ro be miſtaken, and has ſhewn the fmall 1 
fixt Stars ( only dilcoverable by the Teleſcope) that deceived | 
him. | | 
Theſe Satellites are eaſily ſeen by a 3 Foot Glaſs, and I have 1 


a& Obſervations of their Motions, tis requiſite, we uſe Tubes i 
of 10 and 12 Feet and upwards. From the time of their 

Diſcovery, many curious Aſtronomers have attended their | 
Motions round Jupiter with a diligent Eye; and have found, | 
that ſometimes falling into the Shadow of Jupiters Body, they | 
diſappear ; and theace emerging, they again become vilible : 8 
ſomerimes they are hid behind the very Globe of their great || 
Lord ; and ſometimes being jult in his Face, his Splendor o- 4 
yercomes theirs, and they become inviſible, as a glimmering 

Lamp. between the Eye and Sun. 
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Job. Alfons Borellus has publiſhd a Tract of the Theoricks of 
theſe Medicea Sidera (lo named by Galileo in complement to 
his great Patron the Duke of Tuſcany ) Theorice Mediceorum ſi- 
derum, Florent. 1666. 4'. But none have laboured more to 
reduce the Obſervations of theſe little Planers ro ſomerhing of 
Uſe and Advantage to the World, than the two celebrated A- 
ſtronomers of the preſent Age, Caſſmi and Flamſteed: The for- 
mer has taken great pains in Publiſhing Hypotheſes, Tables, 
and Precepts for calculating, their Appearances and Ecliples, 
( in his Ephemerides Mediceorum ſiderum, 1668. Bonon.) in order 
ro ſerling »the Longitudes of Places to a great Certainty. And 
the latter finding the Numbers of Caſſim's Tables not fo juſt 
ro the preſent Time, from moſt accurate Obſervations of his 
own, taken by the Teleſcope and Micrometer, has fixt new 
Numbers, that agree about this time molt exa&tly to the Pheno- 
21ena ; bur with the Liberty to himſelf of alcering theſe Num- 
bers, as by future Obſervations he ſhall find Occaſion 
For he is not ſo poſitive as to ſay, that what he ſertles (for 15 
or 20 years) ſhall be perpetual. What he has hitherto publiſh- 
ed of this kind may be found diſperſed in the Philoſoph. Tranſ- 
aft, wherein, he has given the World the Catalogues of thele 
Satellits Eclipſes tor ſeveral years conſecutively. In Num. 1 5 4. 
Pag. 404. be ſhews their Uſes, and how ( by their Help) the 
difference of Longitude betwixt any two Places on Earth, where 
they ſhould be obſerved, might be determined : And teaches a 
Method of finding out , within what ſpace on our Globe any 
of them are obſervable. Thele Directions he repeats in La- 
tin, Num. 165. Pag, 760. for the uſe of Forreiners. In Num. 
177 © 178, with the Catalogue of Eclipſes for the year 1686, 
he delcribes a (mall Inſtrument; and ſhews how by the help of it, 
of the {aid Catalogue, and of the Tables of Jupiters Geocentrick 
Places and Parallaxes, the Appearances of the Satellites at any 
time in that year might be dilcovered, and delineated by Scale 
and 
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and Compaſs on Paper. But the Curioſities, which this ex- 
cellent Aſtronomer b yet unpubliſhed, relating to this uſe- 

ful Part of Aſtronomy, are very great and ingenious ; which 

[ hope, in time, he will impart to the World ; as with much 
Freedom and Generolity, he now communicates them to his 
private Friends : In the Number of which I am very proud 

ro reckon my elf. 

Before I quit this Article of the Satellites, I cannot omit ot fs 
taking notice of an Obſervation, which, by mere Accident, I rg; 
made ſome years ago, of a 7otal Diſappearance of all the Satel- 
lites, I had often attended their Motions with a good Tele- 
ſcope of 12 Foot; and ofren had them all four conſpicuous 
at a time, very often three, frequently two, but never leſs than 
one, and this bur very rarely ; till 4s, 1681. Novemb. 2. Hor. 

10. p. m. Dublinii St. Vet, there was not one of them wiſable ; Jupiter 
there ſtood by himlfelf, in all Appearance, without his Guards ; 
and a bold Lucian might have pull d him from his Throne with- 
our Reſiſtance. Some years after, I obtain'd from my learned 
Friend Mr. Flamſteed his Tables of the Motions of chele Satelli- 
tes; Andthe Poſtures of theſe Jowial Moons, at that time,are found 
by them to be as is expreſſed in Tab. 40. Fig. 3. The firlt, third 746. F3. 
and fourth were juſt in his Face; and were therefore drown'd by his 
Light, and the "hs was behind his Body. The rarity ot this 
Appearance (art leaſt ro me) makes me note it ſo particularly : 
perhaps thole that are more frequently imploy'd in watching 
their Motions may meet ſometimes with the like Conjunctions ; 
bur I believe 'tis very ſeldom. Fevelius, in his conſtant Ar- 
rendance on them, for more than a year and half, hit not 
upon ſuch an Appearance; as may be ſeen by the Hiſtory of 
his Obſervations ar the end of his Selenographia ; Nor Caſſini, 
as is manifeſt from his foremencioned Ephemerides. 

Beſides theſe forr little Moons about Jupiter , the Teleſcope jupirer, 
diſcovers other Remarkables even in his Body, As fuſt : his *** 
Face 
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Joh. Alfons Borellus has publiſh'd a Tract of the Theoricks of 
theſe Medicea Sidera (lo named by Galileo in complement to 
his great Patron the Duke of Tuſcany ) Theorice Mediceorum ſt- 
derum, Florent. 1666. 4'. But none have laboured more to 
reduce the Obſervations of theſe little Planets to ſomething of 
Uſe and Advantage to the World, than the two celebrated A- 
ſtronomers of the preſent Age, Caſſmi and Flamſteed: The for- 
mer has taken great pains in Publiſhing Hypotheſes, Tables, 
and Precepts for calculating, their Appearances and Ecliples, 
( in his Ephemerides. Mediceorum ſiderum, 1668. Bonon.) in order 
ro ſerling the Longitudes of Places to a great Certainty. And 
the latter finding the Numbers of Caſſim's Tables not fo juſt 
to the preſent Time, from moſt accurate Obſervations of his 
own, taken by. the Teleſcope and Micrometer, has fixt new 
Numbers, that agree about this time molt exa&tly to the Phueno- 
ena ; bur with the Liberty to himſelf of altering theſe Num- 
bers, as by future Obſervations he ſhall find Occaſion ; 
For he is not ſo poſitive as to ſay, that what he ſettles (for 15 
or 20 years) ſhall be perpetual. What he has hitherto publiſh- 
ed of this kind may be found diſperſed in the Philoſoph. Tranſ- 
aft, wherein, he has given the World the Catalogues of thele 
Satellits Eclipſes tor ſeveral years conſecutively. In Num. 1 5 4. 


"Pag. 404. be ſhews their Uſes, and how ( by their Help) the 


difference of Longitude betwixt any two Places on Earth, where 
they ſhould be obſerved, might be determined : And teaches a 
Merliod of finding out , within what ſpace on our Globe any 
of them are obſervable. Thele Directions he repeats in La- 
tin, Num. 165. Pag. 760. for the uſe of Forreiners. In Num. 
177 & 178, with the Catalogue of Ecliples for the year 1686. 
he delcribes a ſmall Inſtrument; and ſhews how by the help of it, 
of the ſaid Catalogue, and of the Tables of Jupiters Geocentrick 
Places and Parallaxes, the Appearances of the Satellites at any 
time in that year might be dilcovered, and delineated by Scale 
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and Compals on ages But the Curioſities, which this ex- 
cellent Aſtronomer has yet unpubliſhed, relating to this uſe- 
ful Part of Aſtronomy, are very great and ingenious ; which 
I hope, in time, he will impart to the World ; as with much 
Freedom and Generolity, he now communicates them to his 
private Friends : In the Number of which I am very proud 
ro reckon my elf. 

Before I quit this Article of the Satellites, I cannot omit ot 4 
taking notice of an Obſervation, which, by mere Accident, [ #-0s; | 
made ſome years ago, of a Total Diſappearance of all the Satel- ( 
lites, I had often attended their Motions with a good Tele- 
ſcope of 12 Foot; and ofren had them all four conſpicuous | 
at a time, very often three, frequently two, but never leſs than | 
one, and this bur very rarely ; till 44, 1681. Novemb. 2. Hor. | 
10. p. m. Dublinii St. Yer, there was not one of them viſible ; Jupiter £ 
there ſtood by himſelf, in all Appearance, without his Guards ; 
and a bold Lucian might have pull d him from his Throne with- 
our Reſiſtance. Some years after, I obtain'd from my learned 
Friend Mr. Flamſteed his Tables of the Motions of chele Satell;- | 
tes; And the Poltures of theſe Jowial Moons, at that time,are found 
by them to be as is expreſſed in Tab. 40. Fig. 3. The hilt, third 74s. F3. 
and fourth wexg juſt m his Face;and were therefore drown'd by his 
Light, and the Lad was behind his Body. The rarity of this 
—_ (at leaſt ro me) makes me note it ſo particularly : | 
perhaps thoſe that are more — imploy'd in watching | | 
their Motions may meet ſometimes with the like Conjunctions ; nl 
bur I believe 'tis very ſeldom. Fevelius, in his conſtant Ar- | 
rendance on them, for more than a year and half, hit nor 
upon ſuch an Appearance; as may be ſeen by the Hiſtory of 
his Obſervations ar the end of his Selenographia ; Nor Caſſint, 
as is manifeſt from his foremencioned Ephemerides. 

Beſides theſe four little Moons about Jupiter , the Teleſcope jupirer, | 


diſcovers other Remarkables even in his Body, As fuſt : his *** | 
Face [ 


L Om COCA 


[ 270-] 


Face is not all of a Colour ; Bur there are in it brizhter and 
darker Parts; and thele are drawn athwart him, like broad 
Zones or Belts almolt paraltel to the Ecliptick, as is expreſſed 
T.4o. F.3. in Hz 3. Tab. 40. 
Jupiters The laſt thing that has been obſerved in this Planet is a 
OE Spot, firſt ſeen by our Ingentous Mr. Fozk May g. hb. g. p. m. 
1665. , By this Spot tis manitelt, that Jupiter turns round his 
11... Own Axis in the ſpace of leſs than 10 hours, or about 9". 56. 
Reration A very ſtrong Argument to prove, that our Earth may do fo 
7% | likewiſe; fince Jupiter,” who is ſo conſiderably bigger than the 
Earth, has a Motion much more quick than ours in 24". Ke- 
pler, upon the Reſtauration of the Pythagorean or Copernican 
Hypotheſis, did conjecture, from the Motion of the Primary Pla- 
nets abour the Sun as their Centre, That the Sun moved about 
its own Axis; but could not evince it, till future Obſervations 
by the Teleſcope diſcovered Spots in the Sun, and by them de- 
monſtrated, that the Sun revolves on its own Axis, in 25- 
days. Jupiter has four ſecondary Planets moving round him, 
and he himſelf in their Centre turns on his Axis: our Earth 
has a ſecundary Planet, the Moon, that moves round her once a 
Month : is it not therefore highly probable, that the Earth alſo 
revolves diurnally on its Axis? For a farther account of this Spot 
in Jupiter, I refer to the Philoſoph. Tranſaft. N.1. P.3. N.4. P. 75. 
IP .._N. 8. P. 143. N. 12.P. 209. N. 15. P. 246. N. 82.P. 403g. 
fratiomen (12.) Bur before I leave Saturn and Jupiter, I cannot but 
tv* M3- take notice of one admirable Property, tor the Knowledge 
tera's 4 whereof, we are beholden to the 'Telelcope; and that is, P. 
Tupiter s K . : 
$::elzs, Wonderful Agreement which is found in all the ſeveral Syſtems 
"7, of our Vortex ; as well berween the General Sy/tem of the Sun, 


the Oraer 


7:6C-- and Primary Planets with the particular Syſtem of Saturn's or 


4189, 


Fupiter's Planets, as berween the particular Syſtems themlelves, 
in this fingle Property, That the Periodical Times of the Planets 
Revolutions are m « lelquialtera Ratio of their Diſtances from the 
Centre 
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Centre of the Planet about which they revolve. That is, As the 
Square of the Period of the firſt Satellite (for inſtance ) : To 
the Square of the Period of the ſecond :: So the Cube of 
the Diſtance of the firſt from Jupiter's Centre : To the 
Cube of the Diſtance of the ſecond from his Centre. This 
holds moſt exquiſitely true in Jupiter's Satellites, as is noted 
by the admirably learned Mr. Newton, in his incomparable 
Treatiſe, Philoſophie Naturalis Principia Mathematica, Lib. 3. 
Hypoth. 5. And the ſame Law of Motion is ſtrictly obſerved 
by the five Primary Planers, and the Earth about the Sun. 
As he notes, Hypoth. 7, 8. This is allo verityed by Monl: 
Caſſmi in the five Satellites of Saturn ;| as appears by his Ac- 
count of them in the Philoſoph. Tranſat. Num. 92. P. 5178. 
N. 133. P. 831. N. 181. P, 79. | 

And from hence may we jultly fall into the deepeſt Admira- 
tion, that one and the ſame Law of Motion ſhould be obferv- 
ed in Bodies lo vaſtly diſtant trom each other, and which ſeem 
to have no Dependence or Correſpondence with each other, 
This does moſt evidently demonſtrate, that they were all at 
firſt put into Motion, by one and the ſame unerring Hand, even 
the infoute Power and Wiſdom of God, who has fixt this Order a- 
mongſt them all, and has eftabliſhd a Law, which chey can- 
not transgreſs. Chance or dull Matter could never produce ſuch 
an Harmonious Regularity in the Motion of Bodies fo vaſtly di- 
ſtant : This plainly ſhews a Deſign and Intention in the fir? 
Mover. And with Submiſſion to the Reverend and Learned 
Divines, 1 am apt to think, that one Argument drawn from 
the Order, Beauty and Deſizn of Things, is more forecible a- 
gainſt Abeſſjm, than Multitudes of Notional Proots drawn 


trom 1deas, Apparitions of Spefters, Witches, &c. ( not that gem 
theſe ſhould lole their due Strength ) For beſides the Hea- 7757" 
vens, even the little Globe we inhabit affords us infinite VYari- nec 
ety in this kind : And tor my own part, I muſt contels, I can jg 


Nun read 


[ 274 |] 
read more Divinity in Mr. Charlton's admirable Muſeum, on a 
Box of beautiful Shells, of delicately painted Plants, curioully 
adorned Tnſefts, Serpents, Birds, or Mmerals ; than in large Vo- 
lumes of Notional Writers. For Animals, Plants, and Mine- 
rals do yield us abundant Inſtances, which viſibly ſhew a De- 
fren or End propoſed ; which, as it cannot poſſibly confift with 
Chance, lo neither can it be apprehended to have been ſo ab 
#terno : For 'tis abſolutely unconceivable, chat a thing deſioned 
for ſome End or Purpoſe, ſhould not be ſo deſigned in time, 
by ſome deſzgning Being. Bur I beg Pardon for this Digreſſion, 
in which I am thus ingaged before I was aware, To return 
therefore to our Subject. 

(13.) Mars offers himſelf next; who, truſting in his own 
Strength, is attended by no Guards ; Bur the Prying Teleſcope 
diſcovers in his Face Scars, Spots, and Ruggedneſs ; as we ma 
find in the Philoſoph. Tranſat. Num. 1 4. P. 239. &c. By thele 
Reraiov. Spots the acute Caſſini has determin'd, that he turns on his own 

Axis once in 24". 40'. tho others aſſign his Revolution per- 
formed in juſt half that time ( a Miſtake eaſte enough ) wid. 
tbidem. The fiery Face of this Planer requires a very good Te- 
leſcope to view him, and a ſmall Aperture on the Object-Glals : 
or. elle this Glaring Light makes "- a confuſed Appearance. 
But however furious his Beams are, he is beholden for them 
( as all the reſt of the Planets) to the great Fountain of Light 
and Heat the Sun. For what the great diſtance of Saturn and Ju- 
piter, and their being ſo much above the Sun (as I may lo 
increaſes ſpeak ) hinders us from ſeeing, viz; their Increaſe and Decreaſe 
reaſe;- in Light like our Moon, is very viſible in the Planet Mars ; 
who, in his Quadratures with the Sun, and in his Perigeon, 
may be ſeen almoſt biſſefed, but never corniculated or falcated 
as the other Inferiours, Vid. Fevelii Selenograph. Cap. 4. P. 66: 
(14)T* (14.) TFheglorious Sun doesnext pretent ; in whole brighe 


5un. 


hos Face, we can hardly expect to find dark Spots, yet luch there 
__— are, 


(13.) Mars 
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are, and frequent too. Scheinerus in his Reſa Urſma has pub- 
liſhed a large Book in fol. of nothing elſe ; and Hevelins, ar 
the end of his Selenography, has many Obſervations of theſe 
Macule; as allo of lome brighter Spots in the Sun, called Fa- 
cule., The Way of. obſerving them is raughr at large, in the 
torclaid Auchors ; and is in ſhort, either by admitting the Light 
of the Sun through a Telelcope upon a white Paper, in a 
dark Room; or by armiog"the Eye with a ſmall thin Glaſs 
[moaked over a Torch, Lamp, or Candle, and with it lookin 
through a Telelcope at the Sun's Body. The only Diſco- g,,,, x. 
very that has been made by thele Macule, is, that the Sun re- #4119 
volves round his own Axis, in the Space of about 25+ days. 
Bur for a compleat and ſuccin&t Account of the Theory of 
theſe Macule and their Motions, I refer the Reader to the ex- 
cellent Mathematician Andrew Tacquet, Aſtronom. Lib. 8. Tra. 
3. Num. 7. Tis only to be noted, that for theſe ſeveral years 
paſt, che Appearance of theſe Macule has been much more 
rare, than when Galileo ( who certainly firſt diſcovered them) 
Schemerus, Hevelius, attended their Obſervations, viz, about 5 © Sur's 
or more years ago. Abour that time, one ſhould ſeldom ;;.; 
ſee the Suns Face (no more than now our brighter Beauties **: 
here telow ) free from one or more black Patches ; bur now 
* (as if they were grown our of Faſhion) he ſeldom wears any : 
One in 5 or 7 years hardly appearing : As if now he put chem 
on, more of neceſſity, to cover an odd Pimple, that may 0- 
cherwile dishgure his Countenance, than to __ his Face. How 
far the Fair Sex {hould follow his Example, I dare not venture 
to derermine, Bur from them we naturally fall to Venus. 

( 15. ) Yenus, the brighteſt Planer in the Heavens. She (:5) ve- 
fears not ſometimes even at Noon-day to diſplay her Beauty ; — nn 
and in this Armour repoſing an entire Confidence, performs 
her Courſe alone, and free from all other Attendants. 
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Mercury's Wit and Quickneſs fecures him, therefore he has ng 
Train, but generally ſhelters himſelf under the Beams of his 
tent Lord the Sun, 
7-cr-9ſs Bur both theſe Inferiour Planets are found by the Teleſcope 
zrex/e. tO increaſe and decreaſe, as our Moon. For lometimes they ap- 
pear corniculated, ſometimes falcated, lometines gibbous, and 
lometimes full even. on, or nigh to their Conjunctions with 
0, ol * the Sun. By which laſt Phxnomenon, 'tis maniteſt chey move 
mack &y about the Sun, ſometimes farther from us, ſometimes nigher 
peeve to us than he: and conſequently the Prolemaick Fhpotbeſe is 
abſolutely falſe. ( whatever Fhotheſis be true.) And for the 
Demioonſtrable Detection of this Error, we are beholden to the 
Teleſcope : And I doubt not but Polterity may, by the ſame 
Inſtrument, diſcover ſome Hypotheſis as poſitively true: For the 
Probabilities of the Copernican Syſtem are already fo ſtrongly 
confirm'd rhereby, that there ſeems no Room lett for an <4 
ther Doubt ; Burt Time and Labour will yer diſcover Gaker 
Proofs. How ſuccesfully Mr. Hook has applyed the Teleſcope 
to prove the Motion of the Earth, I leave the Reader to judge 
n Peruſal of his Attempt. 

(15) PY*  (16.) And thus at laſt are we arrived at home to contemplate 
w tbe our Neighbour the Moon. Her may we properly call our 

Moon. «ms 
. own, as making us the Centre of her Periodical Motion. For, 
as the Satellites about Saturn or Jupiter move round them ; ſo 
moves the Moon as a Satellite about our Earth. Galileo with his 
Teleicope firſt diſcover'd great Ruggedneſs in the Moons Face, 
after him Langrenus the King of Spain's Coſmographer, at- 
tempted to draw her Picture, Burt the noble Hevelins in his 
curious and coſtly Work of Selenography, has perfected this 
Afﬀair, perhaps beyond Amendment. There may we ſec the 
Moos Countenance diſtinguiſhed in an admirable difference 
of Parts, both for Shape and Colour, We may there ſee 
greater Parts that reſemble our Seas, Lakes, Rivers, Iſlands , 


Peninlulas, 
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Peninſulas and Continents ; other leſſer Spots (almoſt infinite 
in number ) that reſemble our Mountains, Hills and Valties. 
Of the greater Parts, thoſe that are ſomething obſcure, may we 
reckon Seas and Lakes; and the brighter may we account Land. 
For juſt ſo does our Earth appear, when, from a diſtant Height 
we look upon a Mixture of Land and Water enlightened by 
the Sun. Of the ſmaller Spots, thole that are brighteſt and ſhine, 
are Mountains and Rocks; and the darker Parts, which are 
uſually eacompalled with theſe brighter Verges, may we e- 
ſteem Yalltes. 

Now that ſome Parts of the Moon are much higher than Mn 
others, is a3 manifeſt by the Teleſcope, as that ſome Parts of :tc Mem. 
our Earth are higher than others. For it we look upon it a- 
bout the Quarter-days, we ſhall plainly ſee the Edge, towards 
the dark Part, broken and cragged ; . and many licle bright 
Spots, that are clearly Gadng the relt of the enlightned . 
Part. Which is an evident Proof that thelt are the high Tops of 
Eminencies, which receive the Suns Light, before he Parts be- 
low them are enlightned. Moreover the Moons Spots caſt 
their Shadows oppoſite to the Sun, that is, to the Eaſtward, whilſt 
the Moon is Increaſing, and to the Weſtward, on her Decreaſe. 

That thele Mountains are very bigh, is manitclt from the 
way of Meaſuring them, delivered in Recciol: 4lmagept. 1, Pag. 
208, And Tacquet Geom. Prac. Cap. 8. Prob. 2. 

For the better diſtinguiſhing thele Sports, and making thena Nones 
more uſeful in the Obſervation of Lunar Eclipſes, there are i! %.." 
names impoled on them by Authours: Hevelus albgns ro them 
the names of Places here on Earth : Grimaldus and Ricciolus give 
ro them the names of famous Mathematicians and Aſtronomers. 

By means of thele Spots, Lunar Ecliples are now much Ecliuſcs 
more accurately obſerved than formerly ; * to the great Ad- }, 4... 
vancement of Geography and Navigation, in {cling the Lon- © ” 

o1udes 
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oicudes of Places. For now the Immerſions and Emerfions of 
theſe Spots from the Shadow of the Earth are moſt nicely de- 
termined. 

Moreover, by theſe Spots the Moon is diſcovered to 
have various kbrating Motions, from Eaſt to Weſt, and from 
Weſt ro Eaft, allo Io North to South, and from South to 
North. Burt hereof we cannot now enlarge, vid. Bullialdi Aſtrom. 
;*  _ ®hilolaic. Lib. 3. Cap. 13. Heveli Selenograph: Riccioli Almageſt. 
1. Lib. 4. Cap. 9. Neither is it needful to inlift on the Moons 
Tranſits over, and Appulſes to, fixt Stars and Planets; which can 
never be accurately oblerved but by the Teleſcope. I cannor 
rell whether ic be worth. our while to take notice in this Place, 
that Monl. Jaac YVoſius has publiſhed a fantaſtical Conceit of 
his own, for explicating the Appearance of the Moons Spors ; 

in his Liber vatiarumn Obſervationum. 
(x7) Ps (17) And now perhaps we may be allowed to fir down, 
ther ns and think awhile, whether alt cheſe Celeftial Bodies, that 
#* thus dance round our Sun, may nor be inhabited, Bur this 
Diſquiſition has been already ſo. ingenioully managed by fe- 
veral, ( particularly by che Reverend Dr. Wilkins Biſhop of 
Cheſter, in his World in the Moon; and by Monſ. Fontenel 
his Plurality of Worlds ) that there is licele left ro be ſaid on 
the Subject, I ſhall only add, that there is nothing in Nature, 
Morality or Religion, that contradicts the Affrmative of this O- 
pinion, And 'tis through a narrownels. of Thought that 
fome men deny it. They will not think on any other ſort of 
Creatures, than what we fee here on Earth; and preſently be- 
gin to ask, how ſhould Men poſlibly live in Saturn's cold Cli- 
mates, or in the ſcorching Feat that affects Mercury. Bur 
ſhall we thus confine the Great Creator to our poor Concep- 
tions 2 Cannot he that has made a Man, a Whale, an Ele- 
phant, a Fly, be able to create indefinite Varieties of Crea- 
rures, and all endowed with different Faculties, and various 
Ways 
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Ways of Perception ? Some adapted ro one. Planer, others to 
others? And all chele may be ingaged in different Ways of Life 
and Thought ; but ſhould all be ingaged in Praiſmg and Ser- 
ving him that gave them all theic Beings. | 


(18.) But here I quit theſe remote Thoughts; and from ng 


viewing the admirable Extent, Beauty, Order and Variety of 
the Creation abroad, berake my felt home to our own Globe. 
And here we ſhall not lay afide our Teleſcope as uſeleſs : We 
may imploy it on- various Occaſions and divers Concerns of 
Human Lite. The Merchant may with this diſcertr afar his 
rich-laden Veſſels, whole Sides and Sails are fwell'd, and look 
big with imported Wealth, The Seaman \may diſcern his 
Friend or Foe. - The wealthy Countryman may ſurvey his 
diſtant Herds, Plantations, and Labotirers ; and Generals may 
obſerve their wide-{pread Troops. | But endleſs would'it be to 
rouch on all; the contriving Head will find it uſeful, and ad- 
apt it to his own particular Concerns on many Occaſions, that 


cannot now be thought of. | bytl 
(19.) And thus much ſhall ſuffice in'ſhort, concerning the 


ment of Aſtronomy have any good in- it; it the furniſhing us 
with a Contemplation from whence we may evince the Pow- 
er and Wiſdom fas Almighty Creator be any Good ; It affording 
an — ot adminng the vaſt Extent, Order and Beau- 
ty of the Creation be any Good ; I am ſure, hereby we reap 
all chele Goods in an ample manner. But ſuppofing that no- 
thing of all theſe Advantages were at hand juſt ar preſent 
ter not the mquiſitive Philoſopher therefore deſpond in his 

uiries, The con{tderation of the t (as | have noted 
betore ) teaches us what Secret Virrues may! lurk in the ſtn- 
pleſt Things : And what admirable Ufes Poſterity nay raiſe 


our 


of the Te- 


Diſcoveries made with the Teleſcope. And now Þ hope it will 1-(op 
not be- asked, Cui Bono? To what End are all thele Diſco- 5,7, 
veries? What Advantage is there in them? For, if the Advance-"** 
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-out of them. The Torricettian Experiment was long apply'd only 
to Dilquilttions concerning a LYacuum, betore our incompara- 
ble Philoſopher the Honorable Mr. Boyle, one of the chiet Glo- 
ries of the Engliſh Nation, diſcovered irs Uſctulnels in predict- 
ing the Weather, by which 'tis become one of the moſt plea- 
faar Inſtruments in the World. Bur this | ſay, not ſo much 
ro encourage men in the Proſecution of uſeleſs Enquiries (tor 
doubtlels he is beſt imployed that can propole the beſt Advan- 
rages to Mankind from his Studies ) But to dilcourage lome 
men from exclaiming againſt all Labours as ablolutely «/e- 
leſs, whole immediate Ule they do not apprehend. 
f26.) Of (20.) And now that we are arrived at home, let us change 
{:oxe. Our Inſtrument, and take into our hands a Microſcope. And 
indeed with this, our Contemplations may be endleſs ; all things 
affording {uch admirable” Appearances, ſuch curious Contex- 
rure of Parts, and ſuch delicate vivid Colours; that the Con- 
erivance of the Almighty Creator is as viſible in the meaneſt In- 
ſet or Plant, as in the greateſt Leviathan or ſtrongeſt Oak. 
To touch upon all the Wonders this Inſtrument ſhews us, 
would be :nknice [ ſhall theretore only refer to thoſe, who 
have proſecuted Enquiries therewith to great Exactnels. 
Fontana, Franciſcus Fontana 1n his Obſervationes Celeſtium Terreſtriumque 
Rerum (wherein he challenges to himſelf che Invention of the 
\ double Microſcope, An. 1618.) is the firſt (that I can learn) who 
publiſhed Microſcopical Obſervations of ſome tew Bodies. Afer 
Borellus. him Borellus at the end of his Tract, De vero Teleſcopu Inventore, 
Power. AN, 1650, does the lame. Next a learned Engliſhman Dr. Pows- 
er, An, 1664. did the like. Bur all theſe went no farther than 
verbal Deſcription ; y want thoſe curious and lively Schemes, 
Heok: Which the learned and ingenious Mr. Fook preſents to the 
World in his Micrographia, An. 1665. a Book full of admi- 
rable Diſcoveries by the Microſcope, and other curious Enqui- 
Grew. ries. The learned Dr, Grew, and the excellent Boxonian Phi- 


lolopher 
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Marcel. Malpighins, have laboured tmoſt ſucceſsfully Mie | 
inthe tratomy of Plants by the Microſcope; and the latter has © 
DC de Oo ncubato, de Bambyce, de Viſ- 

cg frdlurs ___ 2 Lewenboeck of Delfe in Holland, Lonets 
has ely a ; Oo: to the uſe of © 
- ” of which - he thinks he has a better 
' kind than was exer yee known, WhenI viſited this Gentle- 
man at Delft, he ſhew'd'me (everaſthar indeed were very cu- 
rious 3 bur nothing more chan what | had orditarily ſeen be- 


or OED ng] very minute Glaſs- 
berween two Ig thin pierced 
Object was brought to 


ie Wha Guy Sctew: Bur tor his 


"are to be 
Author 
is Johan, 

.1 687. where. Griendek- 


preatdet! ns genuine Re- * 
preſemations-f his Objects's -magnify'd. 

I bave beenoften delighted wich ehe curious Appearance of © 
the Microſcope, Bur none ever 3/4 -n 
viſible Circulation of the Blood-in xee:.. 
on Thee to be ſeen as plainly as Wa- 
River, and proportionably much more rapid. | 

given the Account ar large to the Koy- 
'tis di in che Philoſophical Tranſat. Num. 
177. P. 1236. | 

( 21.) 1 ſhall conclude all, wich ewo remaining Uſes, of :.*#- 
the Teleſcope. The firſt is, To view nigh Objetts therewith. The 05a, 
moſt appolce Teleſcope for our Purpoſe, is that conliſting of _ | 
a Convex Objet-Glaſs and Convex Eje-Glaſs. But what is = 

Oo vere 


Virwins 
P;Btures : , . d : 
5» Mirie- Pictures in Miniature, may practiſe it to-good Purpole, For 


are. 
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vered hereof, is eaſily accommodated to the Teleſcope with 
a Concave Eye-Glaſs ; bur this latter, raking in but a narrow 
ſpace of the Object, is not fo proper for our __ 
Wherefore, ſuppoſe we have a —_ whoſe Object- 
Glaſs has its Focal Lengrh for yery diſtant Objetts juſt 3 Foor, 
( how to find this exaQtly, I have ſhewn Chap. IV. SeR. 3.) 
This we'll call the Solar Focus. And ſuppotc the Focus of 


the Eye-Glals be juſt 2 Inches ; and that we were rowiew with ' þ 


this Teleſcope” an Obje& 20 Foot diſtant from the Qbject- 
Glaſs. 'Tis required to firid the diſtin Baſe of this Object- 
Glaſs expoſed now to this nigh Obje& 20 Foor diſtane, which 
in the Firſt Part is called the Reſpeive Focus. 

And this is done by Prop. V. of the Firſt Pare: By this A- 


nalogy, a . 


4s the difference between the Diſtance of the Obje# and 
Glaſſes Focus : 

To the Glaſſes Focus :: | 

So the Diſtance of, the Objef from the Glaſs : 

To the Diſtance. of the xelpective- Focus, or diſtin Baſe 
from the Glaſs. 


kh the Numbers of our Example thus, 

204. 36:: 240 . 42,35 + ="equal to the diſtin& Baſe of 
this Obje-Glaſs expoled now to this nigh Objeft. So that 
the Diſtance of the Obje&-Glaſs from» the Eye-Glaſs, which, 
for viewing diſtant Objets, was 36-2 = 38 Inches; muſt 
now be 42,35 -+2= 44.35 Inches; and ſo-much is the Te- 
leſcope to be lengthened to view this Object diſtant only 20 
Foot. 

-Fhe uſe of this Theorem is very pretty ; and they who draw 


the {mall Picture (being inverted that it may appear ere, and 
placed in a ftrong Light, and thus looked at with a Teleſcope) 


—_— 
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may be made to appear full as bigg as the natural Face, or 
bigger if we pleaſe. And by this means, the leaſt Errors of 
the Pairiter may be cafily diſcovered, which cannot be done 
ſo well by a ſingle Convex-Glaſs as will be manifeſt to thoſe 


who ſhall cry and compare bogh Ways. And this naturally 
leads me to the laſt, Uſe of the Teleſcope I ſhall here menti- 
on; and 'tis as it were, the Converſe of this I have juſt ſpoke 
of, 'Tis, 


»s b 
« Teleſcope, i 8 


This/is the great Deſaderatum un Proflical Geometry ; and al- (c7-. 
ways reputed ; le, Whatever Attempts have beca made 
cowards it have always found to reſult at laſt ro a dow- 
ble- Station, tho ſome. way or. other dilgniled by che Contri- 
_ This i--evideftitly ſhewn by Far ( Geom. Pra. 

Lib. 1. ad*Finem Cap. 5.) concerning t ropoled b 
Clavius, And als, {hewn of any other, 8. = _ 
yet heard of. 


. Towards the latter end of the year 4 (as we may find Zifo7 of 


Num. 7. P. 12 3. Philoſoph.Tranſd.) Monl. Auzout did propole #:«r. 
to Mr: Hook, to exchange with him a Secret he had in Opricks, 
for another which Mr. Hook had. Monl. 4uzout's was, Loco- 
run Diſtantias ex unica ſtatione, abſque ullo Inſtruments Mathe- 
matico metiri, And res he =” the Jo be ules 
tor this Purpolc, to be a great Teleſcope, with fone neceflary 
Tables, _Adving withal, © That tho the Practice do not al- 
« together anſwer the Theory of his Invention, becaule that the 
« Lengch-of che Teleſcope admits of ſome Laricude ; yet one 
« comes near enough, and perhaps as juit, as by molt of the 
« Ways ordinarily uſed with Inſtruments. Bur tho Mr. Hook 
| diſcovered the Secret which Monl. 4zout defired from him, 
(which is that I mention at the End of ChapslV.) yer Monl. 4u- 


Zout never (that I kaow ) publiſhed any ching tarther of this 
Oo 2 Invention 


cf 


_ © Information. 


The Au- 


- #hor's Pro» 


Poſal. 


herein has ever yer been 
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Invention of his own. And indeed I cannot ſee, how juſtly 
Monſ. Azout could lay, that his Performance was, abſque wllo 
Iiſtrumento Mathematico ; and at the ſame time tell us, rhat ir 
was done by a great Teleſcope ; which ſurely is a Mathematick + 
Inſtrument in the higheſt ſenſeg Perhaps he means, 'tis none: of 
thoſe Mathematick... Inſtruments commonly ulcd in this Practice. 

Mr. Oldenburg, who then publiſhd the Philoſoph. Trenſa#. 
adds Pag. 125. © That the Secret of meaſuring the Diſtance 
« of Places by a Teleſcope fitted for that Purpole, and for one 
« Station, is a Thing already known ( if I am nor miiſsin- 
« formed) to ſome Members of rhe Royal Sotiety; who have 
<< been a good while ſince confideripg of it, and have contri- 
« ved Ways for the doing of ic. - Whether the fame wich 
« thoſe of Monſ. Azokt, I know not; ner have I (at the Di- 
« ſtance that I ami now from them) Opportunity of particitfar 


This. is in ſhort the Hiſtory of this Aﬀair.” -Wherein” ( for 
ought as ever I could learn) nothing more has beer done 
hitherto. So that what I ſhall propoſe therein is' my own 
Thought and Contrivance. Whereof T fhall feſt declare the 
Method ; and afterwards ſhall-not conceal the Diffierttries there- 
of : not doubting bur more ingenious Heads may have Con- 
trivances of the ſame _— _y mine ; thonothing 
Wherefore tet the Diſtance of the Obje&t from the ObjeRt- 
Glaſs be called d, the Solar Focus of the Object-Glaſs, or its 
Focus at very diſtant Objects f, the reſptFive Focus or diſtin&t 
Baſe at a nigh Objet yr. *© "nal 
By Prop. V. and the Rule immediately mentioned : 
ſe ſhall be <= —4<F. f=#:r 
And Compounding — 4 .f::d +r.r 
Permme -—— 0H fr 4+ did: 


Divide = — = — Pi_f f:rt.d 


Which 


— oy, 
Pp a « 
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Which laſt Analogy. is the Rite I give for finding the Dij- 
ſtance of an Obje&t by a Teleſcope, thus expreſſed in Words, 


4 the Difference between the Reſpe&tive Focus and Solar 
Focus : 
To the Solar Focus : : 

So the Reſpective Focus : 

To the Diſtauce of the Objet from the Obje&-Glaſs. 


- Ir now remains to ſhew how to obtain exactly the three 
firſt Terms ot chis Analogy ; That thereby we may find the 
fourth required. - And farit for the Solar Focal Length of an Ob- 
ject-Glals, 'tis ſhewn before in Chap. IV. Sec. 3. how to pro- 
cure it exa&tly; » Secondly for the Re/pettive Focus, or diſtinct 
Baſe of any nigh Object we look at, I propole the Way to 
obtain ir thus: 

As the Micrometey is contrived to open and cloſe in the Focus 
of the Obje&-Glals, and the Indices give the exact Meaſure 
of this Opening : So may we adapt an Inſtrument, which may 
advance or withdraw the curious Point of a ſlender Needle to or 
from the Object Glais. And an Jadex ( after the manner of 
the Micrometer ) ray ſhew how much. the ſlender Point is | 
withdrawn from the Obje&t-Glaſs. Then looking through the _ s |} 
Teleſcope: ar the Object, whole Diſtance we meaſure, ler : 
us withdraw the Needle, till ” moving the Eye before the =: 
Eye-Glas, we perceive the Needle, as it were, fixt upog the | 
Object : (as is raught-Chap. V. Se. 4.) Then is che Needle ''f 
in-che Reſpeftive Focus. And by obſerving - the Index atore- Tl 
mentioned, we have the Mealure. of this Reſpettive Focus 1 
from the Obje&-Glaſs : And conſequently the Difference be- | | 
tween it and the Solar Focus. With which we are to work 
according to the Rule, and we obtain what was required, viz; 
the Diſtance of the ObjeR. Thus ſuppole, in the foregoing 
Example, the Glafles Focus be = 36 Inches, and the Re- | 

| [pective ' 
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ſpeQtive Focus be meafured®42 45 : The Analogy will then 
and thus, | 
42.35 —36=6,35 - 36:: 42,35 +240= to the Diſtance 

of the Object from the Objet-Glafs. And thus may we make 
a Table tro any Teleſcope, that upon the fiſt Sight of the Re- 
ſpeive Focus ſhall give the Diſtance of the O je 

pi. But now I ſhalt not conceal. the Diffculties, that” attend 

agg this Method of obſerving Diſtances. And firſt, The Eye can 

«iz never be juſtly certain, when the Needle's Point is exattly in 

*7*9- the Reſpective Focus ; for tho the Way 1 po of examin- 
ing it (viz, by moving the Eye before the Eye-Glaſs, and 
oblerving whether or not the Needle ſeems to move on the 
Objet) be the beſt Expedient, and -moſt certain that I can 
think of at preſent : Yet we ſhall find, that it admits of ſome 
Latitude; and that the Needle may be moved a little more for- 
ward or backward, without ſhewing any viſible Motion thereof 
on the Obje&; and this too molt eſpecially, the longer the Te- 
leſcopes are that we uſe, and the wider the Aperture. Bur 
for the Remedy hereof, *'tis belt co oblerve where the Needle 
(being too nigh the Obje&t-Glals) begins firſt ro move on the 
Obje; as allo to obſerve, where the Needle (being too far 
from the Obje-Glaſs) begins firſt to appear to move on the 
Object ; and to take the middle berween theſe two Stations of 
the Needle for the true ReſpeRive Focus. 

Secondly, where the Diſtance of the Object is very great, 

and vaſtly diſproportional to the Solar Focal Length ot the 
Object-Glafs ; the Obſervation will not be very accurate. And 
therefore it is that Monſ. Auzont in the forementioned P 
out of the Philoſoph. Tranſatt. confines his Practice to 
Teleſcopes. For unleſs they be ſo, a conſiderable Alteration 
in the Diſtance of the Obje& makes no ſenſible Alteration 
in the Reſpeftive Focus of the Objett-Glaſs. 


! 


| But 
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But if we believe the ſaid Monſ. Auzont, by this Way, (if this 
Way which I propoſe be his, as I know not whether it be or 
not ) one comes near enough” to Exattneſs, and perhaps as juſt as 
by moſt of the Methods ordinarily uſed. "However, tho the Pra- 
Rice, through lome acgidenta] Difhculcies, do not ſo exactly 
anſwer the Theory : Yet it cannot be deny'd, that the Theo- 
ry is true. And perhaps farther Impcoyements may bring it 
ro Perfection. | 


_ — 
— —— —_— I 


Cnuae VU. 
4 Optick Problem of Double V\i/zn. 


N Tab. 41. Fg. 1. AB are the two Eyes, C the nigher 74.4: 
_ Obje&, D the farther Object; If both Eyes open are fixr git 
u o oup Obj q F ſhall *7 GEE, and then ſhutring 
e left Eye A, the lett Image of D diſappears; and ſhurti 
che Right Eye B, the right Image of D diſappears IM 
Bur 1f both Eyes open are fixed! on D, then C ſhall ſeem 
double, and if the left Eye A'be ſuc, the right Image of C 


vaniſhes, if che Right Eye B be ſhut, che left Image of C 


vaniſhes.” . + 

- This is the Declaration of che Phaxnomenon, which any one 
may experiment by placing two Candles, D 3 Foor, and C 
1 Foot diſtant from the oy: and then ſtanding ſo that the | 
Noſe and two Obje&ts may lie in-or near a right Line, he fix- pe | 
ing his Eyes on either Obje&, alcernately open and ſhut them | | 
I chooſe twe Candles, and at that Diſtance and Poſture, becaufe ' 

the Experiment thereby will be more ſenfibly evident; tho _. 

it hold in any two- Objes at whatever Diſtance, till the | 


<a_ —Tc 


Diſtance be fo great, that the Interval berween the two 
Eyes, 


p—_— 
_— 
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Eyes bears no ſenſible proportion thereto , that is, till 
. the Angle ACB (and much more ADB ) is ſo very ſmall, 
. that the Lines AC, BC, may be taken to run as it were 
Parallel. | 

This being declared, I explicate the Reaſon of this Appear- 
ance, as follows. 

In the firſt Caſe, both Eyes being fixed on C, if the Right 
Eye B be ſhut, the Obje&t D will appear to the left hand of 
C; then ſhucting the Left Eye A, and opening the Right Eye 
B, and looking at C, D will appear to the Right Hand of C; 
therefore yon both A and B, and looking Redfaſt on C, 
the Object D will appear on both ſides C, that is, BE to 
the Right and Left Hand of C, and therefore double. And 
'tis manifeſt, the Right Eye B recciv@ the Right Image of D, 
and the Left Eye A the Left Image of D; therefore. in this 
Caſe, to the Right Eye being ſhut, the Right Image of D 
. diſappears, and to the Left Eye being ſhut, che Lett Image 
of D diſappears. | 

But in — ſecond Caſe, fixing both Eyes on D, C ſeems 
double, for the Left Eye A being ſhut, C appears to B on 
the Left Hand of D; the Right Eye being ſhut, the 
Left Eye A ſees C on the Right Hand of D; fo that in this 
Caſe, the Right Eye receives the Left Image of C, and the 
Left Eye the Right Image of C, and conſequently the open- 
ing or ſhurting of either,  does/in this Cale make the contrary 
Image of C —_— And why C ſhould ſeem double, is 

lain in-this Caſe; for the Right Eye ces it on the Left 


Hand of D, and the Left Eye on the Right Hand of D; fo 
that both Eyes ſee it on both -Hands ot D, and therefore 
double. Bur then in the firſt Caſe, the Object D, and nor 
the Obje&t C, ſeems double. And in the lecond Caſe, the 
Object C, and not the Object D, feems double. For in 
Vittion, there is a Difterence þ 


ervween looking and ſceing ; what- 
ever 


. 
. - _ * 
_—_—— " 
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ever Object I look at with both Eyes appears /izle, and all 
others more remote or nigher, that I ſee, appear double ; for upon 
che Obje#, I look at, the Optick Axes do concur, but not ſo on 
thoſe I only ſee. And this is the Reaſon that at any time I 
can make all the Obje&s about me ſeem confuſed, only by 
rurning the Optick Axes ſo, that they may concur in the free 


Air ; as if there were a certain viſible Obje& there before 


them, tho really there be none. 

And that the Concurrence of the Axes Optici in a ſingle 
Point or ObjeR is ſufficient to make that Obje&t ſeem bur 
one beſides the Proof of the foregoing Experiments, I ſhall 
endeavour to evince, or at leaſt to explicate, by an other 
known AﬀeCtion of Viſion; the Explanation whereof is al- 


lowed by all men as ſatisfactory, 'tis this, in Tab. 41. Fig. 2.7, +, 


the Image 4b of the Objeft AB is painted on the Retina in- 
verted, and yer the Eye (or rather the Soul by means of 
the Eye) ces the Object erect and in its natural Poſture; 
Becauſe the Mind takes no notice of what happens to the 
Rays in the Eye by Refraction or Decuſſation, bur in its di- 
re&ion towards the Object; it follows ſtreight alongſt the 
Rays as they by their Impulſe and in their vain Courle lead 
it, and conſequently following the Rays a 4, ut is directed ſtrair 
ro the upper part of the Object ; and alſo following the Rays 


bB, it is dire&ed to the lower part of the Objet, and ſo of 


the reſt : for ſuppoſe the Ball of the Eye taken our of its Sock- 
et, or Cavity in the Skull, and a Man receives in the Socker 
an impulſe by a Stick coming in the poſture of Bb, and hit- 
ting him on the upper part of the Cavity, furely he would 
never look for the Original of this Blow at 4, but would 
be certainly direRed to hunt back as ir were alongſt the Stick 
b B towards the Place from whence the Stroak comes. So 
the mind does hunt back by means of each Pencil of Rays 
( whiich are as it were a Stick giving the Retina a certain 

P p lmpuile) 


T. 41. F.3. 
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Impulſe) to the Point from whence it comes , and is thereby 
directed ſtrait thereto. To apply this co what I intend, I ſay 
then, that the Mind or viſive Faculty (if I may have leave to 
ule that Word for a thing we all underſtand and cannot bet- 
er expreſs) takes no notice that thereare two Axes Optici, or two 
Pictures made by thoſe Axes Optici on each Retina, bur follow- 
ing back , and hunting counter alongft thele Axes, it is direct- 
<d to, and determined in one ſingle Point, and therefore it ſees 
it- as one. 

And ſeeing this Speculation does naturally lead me to the 
Conſideration of an Opinion, firſt as I think ſtarted by the 
celebrated Gaſſendus, and fince embraced by many, viz. that 
we ſee but with one Eye at once one and the ſame Point 
of an Obje&, otiante alio, ( as they term it) whilſt the other 
is idle and does nothing. I ſhall nor think it improper to 
{ubjoyn_to m former Diſcourſe ſomething relating to that 
Opinion, confining my {elf only ro what may ſomething il- 
luſtrate my former Explanations, for to enumerate all the 
Experiments that prove we ſee with two Eyes, would ſwell 


this far beyond the limits I deſign ir. Therefore to the 


Marter. 
Againſt our ſeeing with two Eyes at once one and the 


ſame Point of an ObjeR, it is commonly objeRed, that if it 
were ſo, every Obje&t would ſeem in two places at once, 
vide Gafſendi Epiſt. 4. de Magnit. . Solis humilis & ſublimis, & 
Taqueti Opt. lib. 1. Prop. 2. Thus in Tab. 41, Fig. 3. If 
the Eyes A, B, ' look at the Object C, and both ſee it at a 
time, A would ſee it on the oppolite Wall {uppoſe at E, and 

B at D. 
| am fo far from thinking this an Objection, that I aſſert firſt, 
that we do lee all Objects in rwo places, and that this is not 
taken notice of by us upon theſe Accounts. Furſt, the com- 
mon Objects of our ſight are laxgge, and the Axes of our Eyes 
directed 
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- direfted to but one Phyſical Point thereof at a time, and then 
, we cannot be expected to fee ſuch in two places at once; for 
when [I read on a flat broad Book, where is the oppolite Wall 
for a ſingle ſmall Letter to be ſeen on ar two places, the Ler- 
ters themſelves are fixt to the Surface that determines the Sig he, 
Whart I Inſtance in Letters on a Book may be accommodated 
to moſt other Obje&ts. Secondly, There are few Objects diſ- 

ſed firly for ſhewing us that we ſee them in two places , 
'W either their Bulk hinders che Experiment from appearing ſo 
plainly, or their diſtance from each other or from the Eyes. 
Thirdly. The Wall D E and the Parts thereof are ſeen (o con- 
fuſedly by the Eyes A, B, when hxed on C, that we cannor 
ſo clearly obſerve this Experiment ; and this happens to all Ob- 
jects more remote or nigher to us than C, when the Eyes are 


fixed on C, till ſuppoſing that it ſelf be but in*a moderate 


Diſtance from us, that is, in ſuch a Diſtance from us , as 
may bear ſome conſiderable Proportion to the Diſtance of the 
ewo Eyes from each other, Fourthly, the chief Reaſon why 
we do not perceive ſo plainly the Obje&t C to cover both D 
and E is, becauſe, though D be cover'd by C from the Eye 
B, yet it is not covered from the Eye A, and therefore we 
think it not covered ar all. Alſo though E be covered by C 
from the Eye A, yer it is not covered trom the Eye B, 2nd 
conſequently becauſe we ſee E, tho but with one Eye B, we 
imagine it not covered at all, fo that both the Points D and 
E being open to both the Eyes A and B, viz, the Point D to 
the Eye A, and the Point E to the Eye B, we think neither 
of them covered, whereas really they are both obſcur'd, each 
co its proper Eye, as will be evident by winking. And from 
hence is manifeſt the falfiry of Taquet's Aſſertion m the torecited 
Place , viz; that opening both Eyes A and B ( Fy. 3. ) and 
looking at C, it ſhall appear only to cover E ( he imagining 
that moſt Men fee generally with their left Eye ) whereas | 

P pÞ 2 lay 
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ſay it ſhall appear to ob{cure neither:E nor D, tho to each Eye 
reſpectively it cover each. Fitthly, whereas the Bulk of ob. 
jects ( as | have noted) does hinder the Experiment from 
being ſo ſenſibly evident, if by any Experiment I: can ſhew 
how a large Object may be doubled, I think »rwill be fuf- 


i.4'f.2-ficiently plain. Therefore in Tab. 41. Fig. 4. let A, B, be 


the two Eyes , . before which at a convenient Diſtance 
lace the ewo Candles C, D, then take a large piece of Pa- 
per EFGHK, in whole middle at K there is a ſmall 
Hole. This Paper ſo place berween the Eyes-and Candles , 
that the Eye A may through the Hole K fee the Candle 
D; and ar the ſame time the Eye B may fee through the 
Hole K the Candle C; the due Diſtance of the Paper that 
is requiſite for this will be found by Tryals, and winking 
alrernately with the Eyes. When all things are in this Po- 
ſture, open both Eyes A and B, and direct them to look 
at eicher of the Candles, I ſay the Hole K ſhall ſeem dou- 
ble; and whart is proved of the Point K is true of all other 
Points in the Paper, ſo the whole Paper _ double ; bur 
no Points thereof are ſo evidently doubled as the Point K, 
becauſe chey want the Advantage of Lights behind them to 
render the Experiment more ſenſible. And upon this Occaſi- 
on I cannot but hint to all Perſons that are defirous to make 

Experiments abourt Viſion, that they always _ the moſt 
« Juminous and vigorous Objects they can y, for many 
Experiments will be evident by them, that will not ſenſibly 
ſucceed with others, ; 

Bur I aſſert ſecondly, that unleſs we ſaw with both Eyes, 
the two firſt mentioned Experiments would not ſucceed, and 
they may be reckoned amongſt the greateſt Arguments thac 
can be produced for it, For ſuppole in Fig. 1. A and B 
to look ſtedfaltly on C, I fay they fee Ciin rwo Places at 
| once, for they ſee ix both on the Right hand and Leftc _ 
0 
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of D. For tis the ſame thing to ſee C between two Ds, 
2s to ſee it at two Places at once. And this I'll declare more 


fully Tab. 41. Fig. 5. ſuppoſing the two Eyes A and B fixed on 7.41. r.5 


che Obje&t C, I tay C appears on the oppolite Wall X Z in two 
Places, viz, at E and F (tho neither E nor F are obſcur'd 
thereby for the foregoing Reaſon ) for let us ſuppoſe the 
Obje& D of che Figure to be placed duly on is Wall ; 
ſhutring A, the Object C ſhall appear to B on the lefr hand 
of D by the Angle DBE : then fhutting B, the Object C 
ſhall appear to: A on the right hand of D, by the Angle 
DAF; wherefore to both open at a time and looking at 
ic, it ſhall appear on both ſides of D, to A on the right 
ſide, to B on the left fide , and this hap by doubling 
of D ; ſo that from hence this Prndeaie Crrthind ariſes, 
That an Objeft may be ſeen in two Places, and yet gpt ſeen 
double. 

They that aflert that we fee but with one Eye, whilſt 
the other is idle and does nothing, aflert likewiſe that all 
viſual Spirits recede from the idle Eye, and only ſupply the 
Eye that ſees; but I ſee no Reaſon why the Eyes A, B, 
looking at C, cither of them ſhould be ſaid deſticuce of Spi- 
rits in reſpe&t of C, which they ſee ſingle, and yer both re- 

leniſhed with Spirits in reſpe&t of D, which they ſee Dou- 

le. The Images of C and D both are painted on the Re- 
tina of A as well as of B, and therefore A and B both be- 
ing repleniſhed with Spirits to {ee D, (even by the Con- 
ceffion of our Adverlaries) why not to ſee C alſo, at which 
chey ſtedfaftly look } 

To conclude, I propoſe ic to the learned and ingenious 
Dr. Briggs, or #0 any ocher of the Philoſophical Spirirs of this 
Age to explain the foregoing Phanomena by the Do&or's 
Theory of Vition. And as a Concluſion to the whole ſhall 
only add one Experiment that Demonſtrates we ſee with 

both 
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both Eyes at once; and 'tis, that which is commonly known 
and practiſed in all Tennis-Courts, that the beſt Player 
in the World —C one Eye ſhall be beaten by the 
greateſt Bungler that ever handled a Racket ; ' unleſs he be 
uſed co the Trick, and then by Cuſtom he gets an Habit of 
uſing one Eye only. 
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both Eyes at once; and 'tis, that which is commonly known 
and practiſed in all Tennis-Courts , that the be Player 
in the World Hoodwinking one Eye ſhall be beaten by the 
greateſt Bungler that ever handled a Racket ; unlels he be 
uſed to the "Trick, and then by Cuſtom he gers an Habit of 


uſing one Eye only, 
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APPENDIX. 


Hilſt this Book was im the Preſs my Affairs were ſuch, 

that T could not attend the Pernſal and Correttion thereof, 

but therein have made uſe 2 Friend Mr. E. Halley, who was willing 

to do me that Service: "He, after the firſt Part hereof was finiſhed, 

ſent me a Propoſition of bis own, which 1 took to be of that Conſequence 

in Dioptricks, that I importuned him to permit it to be ſubjoyned by 

way of Appendix to my Treatiſe, it being of that Extent as to compre- 

bend the Dloke Dottrine of the Foci of Spherical Glaſſes 4 all Sorts, 

expoſed either to Drverging, Converging, or Parallel Rays. I is 
as follows. 


f PROPOSITION. 


O find the Focus of any Parcel of Rays Diverging from , 

or Converging to a given Point in the Axis of a Spherical 
Lens, and inclined thereto under the ſame Angle; the ratio of 
the Sines in Refraftion being known. : 

Let G L Tab. 42. be the Lens, P any Point in its Surface, V the 74. 42. 

Polethereof, C the Center of the Sphere whereof ir is a Segment, 
O the Object or Pojgr in the Axis,to or from which the Rays do 
proceed, OP a given Ray : and ler the ratio of Refraction be 
as r-tos; make CRto CO as s to r for the immerſion of 
a Ray, or asr tos for the Emerſon, (that is, as the Sines of 
the Angles in the Medium which the Ray enters, to their cor- 
afabe Sines in the Medium out of which it comes ) and 
laying CR from C towards O, the Point R ſhall be che ſame 
for all the Rays of the Point O. Then draw the Radius P C 
if need be continued, and with the Centre R and Diſtance O-P 


ſweep a touch of an Arch interſeRing P C in Q; the. Line QR 
| being 


— 
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being drawn ſhall be parallel to the refracted Ray, and PF being 
made parallel thereto ſhall interſe& the Axis in the Point F, 
which 1s the Focus ſought Or make itas CQ: CP::CR:CF 
and CF ſhall be the Diſtance of the Focus from the Centre of 
the Sphere. 

Demonſtration. 


Let fall the Perpendiculars Þ x on the Axis, Cy on the given 
Ray and Cz on the refrafted Ray. By the Conſtruction Þ F 
and QR are parallel, wherice the \QR C and PF C are fi- 
mular, and CR toQRasCF ro PF, thatis, CR toOP as 
CFroPF. Now CF:PF::Cx: Þ x ob fimilia Triang. whence 
CR:OP::Cz:Px,andCR:Cz:OP: Px. _ CRisto 
CO as the Sines of Refra&tion, by conſtruction, that is as 5 to r 
or r to 5; andas CRtoCg, ſloCO=- or. CR to<- or- 
Cz,andio PO to Px: Butas POro Px, fo CO to Cy. Ergo Cy 
—=- or-C, thatis, Cy to Cz is as the Sines of Refraction, 
but Cy is the Sine of the Angle of Incidence, and Cx, of the 
refrated 'Angle. Ergo conſtat Propoſitio. 

The ſeveral Caſes of Rays Diverging or Converging as they 
enter the curve Surface of a Convex or Concave Lens, are for the 
Readers Eale delineated in the firſt four Figures of Tab. 42. as 
are in Fig. 5 and 6 thereof, and in Fi. 1, 2. of Tab. 43. the 
like Caſes of emerging Rays. All which are drawn with the ſame 
Letters to their reſpe&tive Points, only in ſome the Point F fal- 
ling-far diftant , is to be underſtood- in the Interſeftion of the 
Line P F with the Axis. 2: 

This thus demonſtrated in the moſt difficult Caſes, will give 
all che Rules ſor the Foci of Rays parallel tothe Axis as likewiſe 
for the principle Focus, where the Rays neareſt the Axis do unite, 
all which Rules I ſhall collect in theſe following Corollaries. 

Cor. 1. IFOP be equal to CR, then the Points Q and C are 
coincident, and the Rays OP after RefraQion run on parallel 
to the Axis, Cor. 2. 
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Cor. 2. If che Point Q fall on the ſame fide the Axis as is the 
Point P, then the Beams after Refraction do tend on, either 
diverging or converging as before : Bur if Q fall on the other 
ſide the Axis, as ng: 1. the diverging Rays are made to con- 


verge by a Convex, or the converging to diverge by a Con- 
* cave Glaſs. 

Cor. 3. If OP doexceed CR, the Focus is in all Caſes on 
the ſame fide of the Glaſs as is the Centre of the Sphere C. Bur 
contrarywile it O P be leſs than CR,the Focus falls on the other 
ſide of the Glaſs beyond the Vertex V. 

Cor. 4- An Object may be fo placed, that the Rays next 
the Axis of a Convex-Glaſs {hall have an imaginary Focus, trans- 
mitring diverging Rays, when the more remote Parts thereof 
ſhall make them converge to a real Focus. 

Cor. 5. If OV the Diſtance of the Object from the Pole or 


Vertex of the Glaſs, be taken inftead of OP, ther will C Q 


be che difference of O V and CR, and as that difference to 
CR, (o the Radius CV to CF the Diſtance of the princi- 
pal Focus from the Centre of the Sphere whereof the Glals is a 
Segment : orelle as CQ to OP or RQ::loPC to VF the 
focal diſtance from the Pole of.che Glaſs. Whence follows a ge- 
neral Rule for the Foci of all Glaſſes, only according to Corol. 3. 


if OV do exceed CR, the Focus is on the ſame fide of the, hs, 


Glaſs as is the Centre of the Sphere. Bur if CR be the great- 
er, then the Focus is on the oppolite {ide of the Glaſs, whence 
it will be determined whether the Focus be real or imaginary. 

Cor. 6. What has hitherto been ſaid of one Surtace of a Lens 
is caſlily applicable to the other; caking F the Focrs of the hilt 
«Surface as an Obje&, and uſing it as O in the Figures for emer- 
ging Rays, whereby the Focus of both Surfaces will be derer- 
mined, as in Tab. 43. Fig. 3. wherel have given an Example. 

Cor. 7. Hitherto we have conſidered only oblique Rays either 
Droerging or Converging ; 1t now remains to add ſomething con- 
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cerning Rays parallel to the Axis : In this Caſe the Point O muſt 
be conſidered as infinitely diſtant, and conſequently OP, O C, 
and CR are all infinite; and OP and OC are in this Caſe 
ro be accounted as always equal, (lince they differ bur by a Parr 


| of the Radius of the Sphere GP V L, which is no part of el- 


ther of them,) wherefore the ratio of CR ro OP will be al- . 
ways the ſame, viz; as s to r for immerging Rays, and as 
y to s for thoſe that emerge. And by this Propoſition C F is 
wPF in the ſame ratio. It remains therefore to ſhew on the 
Baſe CP, to\find all the Triangles CPF wherein CF is to * 
P F in the ratio given by the degree of Refraction. This Pro- 
blem has been very fully conſidered by che celebrated Dr. Wallis 
in his late Treatiſe of Algebra, pag. 258. to which Irefer ; bur 
[ mult here repeat the Conſtruction thereof, Tab. 43. Fig. 4, 5. 
Lee GPVL be a Les, VC or PC the Radius of its 
Sphere, and ler it be required 'to find all che Points f, f, ſuch 
as Cf, may be ro Pf in the given ratio of sto r for — 
Rays, or as 7 tos for the emerging. Divide CV in K, an 
continue CV to F, that CK may be to VK, and CF ro 
VF in the propoſed ratio: Then divide K F equally in the 
Point a, and with that Center {weep the Circle F K F ; this Cir- 
cle being drawn piyes readily al che Foci of the Parallel Rays 
O P, OP. | For having continued CP till it interſe& the Circle 
in F, PF ſhall be always equal to Yf the Diſtance of 
the Focus of each reſpeCtive Parcel of Rays OP, from the Ver- 
tex or Pole of the Lens. 
To demonſtrate this, draw the prickt line V F, and by whart 
is delivered by Dr. Wallis in the aforecited Place, V F and CF, 
will be alwayes in the ſame propoſed ratio. Again /f being 
made equal ro PF, CF and Cf will be likewif equal, as are 
CP, VC; and the Angles PCf, VCF being ad verticem 
are alſo equal : Wherefore Þ f will be equal ro V F, and con- 
lequently Cf to Pf in the ſame ratio as CF to V F, whence 
| and 
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and by what foregoes, the Points f, f are the ſeveral reſpe&tive 
Foci of the ſeveral Parcels of Rays, OP, OP. Q. E.D. 

That CF stoPF in the ratio of the Refraction, in 
the caſe of parallel Rays, will be yer more evident, if it be 
conſider'd, that the Angle at C is equal to the Angle of In- 
cidence, and the Angle at P to the refracted Angle; where- 
fore P F the fide oppoſite to the Angle at C, is as the Sine 
of the Angle of Incidence, and CF oppoſite to the Angle 
at P, is as the Sine of the reſpeQive retracted Angle ; whence 
in all Caſes of parallel Rays, CF is ro P F inthe ſamecon- 
ſtant ratio of Retraction. 

If ic ſhall be defired to effeft in Numbers what we have 
here done by Lines, it will be moſt eahie to adapt a Calculus 
to the foregoing Geometrical Conſtruction. For if in the Tri- 
angle POC there be given the Radius CP equal to Hnity, 
C O the diſtance of the Object from the Centre of the Sphere, 
and the Perpendicular Þ x equal to the Sine of the Angle P CO, 
the fide PO = QR will be equal to v CO# + CP4. + 2CO 
inyCPt_. Px: Thmaaxs QR or POto Px:: ſo CR to 
the Sine of the Angle CQR, and the-Complement to 180#® 
of the ſum of the Angles CPO and CQR is the Angle 
CRQ=CFP; andas Px toPO lo the Sine of the Angle 
CRQto CQ; andas CQ to CP lo CR to CF, which 
is the diſtance of the reſpe&tive Focus of all the Rays PO 
from the Centre of the Sphere C. 

But the Foci of Rays parallel to the Axis may be more rea- 
fur computed , —_— the Footſteps of the Conſtrution 


delivered in Coroll. p. (Tab. 43. Fig. 4, 5.) for thereby it will 
ppear, that the Radius of the Circle K F, viz, a F, is equal to 
—— CP, and Ca ="... CP, for emerging Rays, as in Fig. 4; 
but for immerging Rays, as in Fig. 5, Ca will be found to 
—— CP: and {uppoſing the diſtance of the Ray from the 
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Axis =Þ x, inthe Caſe of parallel Rays Emerging, the di- 
Rance of the Focus will be found, P F = CP? — Pxt 


4+ v £4. CP? — 2 Px1 CP: that is, 7 tos being as3 
wiz, ”r a; JVEpPr Px! + <CP!1—<:Px!.CP. 
And for immerging Rays, the Focal diſtance is found by ' a like 
_—_——_, CFC 
+ CP: thatisr and s being as 3 to 2 as before, P F is equal to- 
*/CP!1—Pxi+v- CPt_+Px7 + CP. Theſe Canons 
are ſo eaſily deduced from the Conſtructions, that I ſhall nor | 
need to trouble the Reader with their Demonſtration; only [1 
(hall add rwo Tables which I compured from them, with little 
more work than a continual Addition ; which may by way 
of Example, ſerve to inſtru and exerciſe the young Student | 
in this part of Mathematicks, | 
Suppoſe C P the Radius of the Sphere of Glaſs 2 Inches, 
and the ratio of Refraction as 3 to 2; at each tenth of an 
Inch diſtance from the Axis, the Foci are as follows. 


em... AU — _ "I - 
—_—_ of —_— <0 ** o Pr Y 4 
fo 


For Emerging Rays. For Immerging Rays. 


pw, | Px ÞF 
© | V 12,9600 +v $5,7600..2 
| V 12,9276 +FvV $,7276-2 


V 2,5600 +yv/ 5,7600 + 2 
V 2,5536 +vV 5,7336 + 2 
V 2,5344 + v $47344 * a 
V 2,5924 +v/ 5,7024 + 2 
V 2,4576 +v $6576 + 2 
v 2,4000 + y/ 5,6c00 + 2 
v/ 2,3296 + / $5296 + 2 
v 2,2464 + / $-4464 + 2 
V 2,1504 +4 5-3504 + 2 
v/ 23-0416 +vV/ 5.2416 + 2 
y 1.9200 +v/ 5.1200 + 2 


v 12,8304 +v 5,6304- 21 
| V 12,6684 +v 5,4684—2 
| V/ 12,4416 +vV 5,2416—2 
| V 12,1590 + vV 499599 —2; 
v 11,7936 + v 4,3936—2/ 
vV 11,3724 + v 4,1724—2 
v 10,3354 + vV 3,6864—2/ 
y 10,3356 + V 3,1356—2 


\ 9 ,7200 + / 3,5200—2. 
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But ic is to be Noted, that theſe Foci for Immerging Rays, 
muſt not be taken for the Foci of a Plano-Convex, when 
the Convex Side is towards the Object, for the plane Side 
by its Retraction, does contract the Focal length by about 
a Semidiameter of the Sphere ; Theſe ſuppoſe the Body of 
Glas continued, as in the Firſt Propoſition of this Treatiſe. 
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193] 4 [CF or FZ + FD 
219] 13) 1h morethan /s 
219] 14 bg lefs 

220] 1 ſhall be 

264 | 22 his 


Page|Line For | Read 
W | 4 | 12 P:opolitions Proportions 
= |! Fo | 23 6 16. 
= {| $7 | 17h Convexity Concavity 
F | 58] 5.1. - Plano-Convex Plano-Concave 
a | 67 8 kL 4'b. 5th. 
141 | 24 | Breadth of the Objea!; Breadth of the Obje&t 
FH 143] 6 Dele XV 
| 149] 12 | We cannot add We ate to add 
| 160! 4 Lemma 
; ' 


Lemma. r. 
CF /'or FZ) +FD.| 
[ h is greater than /z | 
h g is leſs 
as ſhall be 
this 


ADVERTISEMENT. 


LL the above-named Inſtruments as Teleſcopes of all Lengths, 
A Microſcopes ſingle and double, Perſpetives great and ſmall, Read:- 

ing Glalfes of all frzes, Magnifying Glaſſes, Multiplying Glaſſes, 
Triangular Priſms, TY Trumpets, Speflacles fitted to all Ages, and 
all other Serts of Glaſſes, both Concave and Convex are made and ſold 
by JOHN YARWELL at the Archimedes and Three Golden Proſpetts, 
near the great North-Door in $. Paul's Church-Tard: London. 


